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* The most COMPLETE 
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* Ideal for QUALITY 
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topes in Scientific Research 


CORRECT appreciation of the nature of the 
thermal agitation in a crystal is obviously 
of fundamental importance in the physics of 
the solid state. Closely related to it is the 
problem of evaluating the heat content of a 
crystalline solid as a function of the tempera- 
ture. These topics have formed the subject of 
some recent studies by the present writer. From 
them has emerged a theory of the specific heats 
of crystalline solids which is both simple and 
comprehensive and which succeeds in estab- 
lishing a quantitative relationship between the 
thermal properties and the spectroscopic beha- 
viour of crystals and accounts for the facts of 
observation in both of these fields. It accord- 
ingly seems opportune to offer a connected re- 
view of the subject in which the basic prin- 
ciples are set forth as simply and clearly as 
possible. 


THE SPECIFIC HEATS OF CRYSTALLINE SOLIDS: PART I 
SIR C. V. RAMAN 


2. Some GENERAL CONSIDERATIONS 
_A crystal is an assembly of great numbers 
of atoms (of the same or of several different 
species) in a three-dimensionally periodic 
array in space. Macroscopically regarded, a 
erystal of finite size is a single physical entity ; 
and those problems concerning its physical be- 
haviour in which the discrete atomic structure 
does not need to be specifically considered can Le 
dealt with on that basis. But neither the evalua- 
tion of the thermal energy of the solid nor the 
determination of its spectroscopic behaviour is 
a problem of that nature. For, the discrete 
atomic structure of the solid is the very essence 
of both of these problems and it must there- 
fore form the basis of any theoretical consi- 
derations regarding them. It is therefore a 
misconceived and irrational procedure to assume 
—as is done in the theories of Debye and Born— 
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the macroscopic crystal to be itself the oscil- 
lating unit whose modes and frequencies of 
vibration determine the thermal properties and 
the spectroscopic behaviour of the solid. While 
we have necessarily to reject such an approach 
as inadmissible, we are also precluded from 
assuming that the individual atoms in the 
crystal are the. oscillators with which we are 
concerned. This is obvious, for the atoms in a 
crystal are linked together by forces of a phy- 
sico-chemical nature and hence they cannot 
oscillate independently of each other. Thus, 
when both of these extreme suppositions are 
laid aside, we are left with the following ques- 
tions requiring an answer. What are the oscil- 
lators which determine the thermal properties 
and the spectroscopic behaviour of a crystal ? 
How are they to be enumerated, and in what 
manner are their modes and frequencies of 
vibration to be determined? The answers given 
to these questions stand at the very base of 
the problems now under consideration. 
3. Tae Norma MopEs OF VIBRATION 

The fundamental theorem in classical mecha- 
nies regarding the small vibrations of a system 
of connected particles, taken in conjunction with 
the three-dimensional periodicity of structure 
characteristic of the crystalline state, furnishes 
us with the key to the solution of our problem. 
The theorem referred to states that the pos- 
sible vibrations of the system are superposi- 
tions of a set of normal modes, in each of which 
the particles of the system (in the present case, 
the atoms) vibrate with the same frequency and 
in the same or opposite phases. Hence, any 
mode of vibration which satisfies this descrip- 


along any one of the three axes of its struc- 
ture. This can obviously happen in two ways: 
‘ollowing the unit translation, equivalent atoms 
adjacent cell retain their amplitudes and 
of vibration unaltered, or alternatively, 
the amplitudes remain the same, the 
are all reversed. Thus, we have 
2 or 8 different possible gituations. If 
p atoms in each unit cell of the crys- 
structure, each of the 8 possible situations 
us 3p solutions of the equations of motion 
p atoms in the unit cell, in other words, 
3p normal modes of vibration with 
respective frequencies which can be re- 
as characteristic of the structure of the 
Thus, in all, we have 24p solutions of 
equations of motion which may be divided 
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into three groups: (3p—3) normal modes i 
which equivalent atoms in adjacent cells osci 
late with identical amplitudes and phases; 
21p other normal modes in which the ampli 
tudes of equivalent atoms in adjacent cells 

the same but their phases alternate along one, 
two or all three of the axes of the crystal struc 
ture; and finally, the 3 excluded translations, 


4. Tse OSCILLATORS AND THEIR ENUMERATION 


We proceed to consider the physical signifi- 
cance of the results deduced and stated above 
What they indicate is that we shall not be jus- 
tified in identifying the groups of p atoms ead 
which form the units of the crystal struct 
as the “oscillators” in specific heat theory, since 
their juxtaposition in the ordered structure of 
the crystal results in an eight-fold increase in 
the number of distinct frequencies of internal 
vibration which these groups of p atoms each 
would possess if isolated from each other. We 
have also to recognize the existence of addi- 
tional modes of vibration within the crystal 
made possible by the translatory movements of 
the atomic groups as distinct from their inter- 
nal vibrations. It is to be remarked, however, 
that the (24p—3) normal modes of vibration 
with discrete frequencies indicated by the theo: 
can be regarded as the internal modes of vibra- 
tion of the groups of 8 p atoms each to be found 
in volume elements whose dimensions are twice 
as large in each direction as those of the unit 
cells of the crystal structure. If the entire 
crystal encloses N unit cells, the number af 
groups of 8 p atoms included in it would be N/8. 
Multiplying this by (24p—3) which is the 
number of their internal modes of vibration, 
and adding to the product the number of 
degrees of the translatory freedom of move- 
ment of the same groups, we recover 3 Np, which 
is the total of the number of degrees of free- 
dom of atomic movement in the crystal. 

5. THe ViprRaTION SPECTRA OF CRYSTALS 

Thus, the atomistic approach to specific heat 
theory leads us directly to a result which is 
of fundamental importance in relation to the 
spectroscopic behaviour of crystals, namely, 
that by far the largest proportion of the atomic 
degrees of freedom of movement in crystals is 
manifested in their vibration spectra as a set 
of discrete monochromatic frequencies (24 p — 3) 
in number, p being the number of atoms im 
the unit cell, only the three omitted transla- 
tions manifesting themselves in what may be 
designated as the “residual ” compris- 
ing the lowest frequencies of vibration and 
having a different character which we shall 
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eonsider presently. The nature of the vibra- 
tion spectrum of a crystal as stated above which 
is indicated by the theory might have been 
anticipated a priori on general grounds. For, a 
crystal comprises within itself an immense 
number of similar and similarly situated groups 
of atoms which would necessarily be of identi- 
cal dynamical behaviour. Hence, the modes and 
frequencies of internal vibration of these groups 
would all be the same and would be a charac- 
teristic property of the crystal. The reason 
why we have (24p—3) discrete frequencies 
and not (3p—3) is also readily understood. 
The additional 21p frequencies arise because 
of the coupling of the oscillators located along 
each of the axes of the structure, an effect ana- 
logous to that observed in the simple case of 
two similar oscillators which when coupled to 
each other exhibit two distinct frequencies of 
vibration instead of only one. 

We must now consider the nature of the 
“residual spectrum” briefly alluded to above. 
This spectrum embodies the oscillatory move- 
ments arising from the translations of volume 
elements of the crystal each containing 8p 
atoms; they may be described as internal 
vibrations in volume elements of still larger 
size and therefore having lower frequencies. 
The frequency » of such a vibration can evi- 
dently range from a lower limit »=0 to the 
upper limit »=»,, », being the lowest of the 
(24 — 3) discrete frequencies of atomic vibra- 
tion. The manner in which the disposable 3 N/8 
degrees of freedom would be distributed over 
this range of frequencies can be deduced by a 
very simple argument. The total number of 
volume elements of any specified dimensions 
included in the crystal, and therefore also the 
number of degrees of freedom represented by 
their translations would diminish in inverse 
proportion to the cube of their linear dimen- 
sions, while the frequencies of their internal 
vibrations would vary inversely as the first 
power of the same. Hence the number cf 
degrees of freedom appearing in the residual 
spectrum in the range of frequencies between 
0 and » would be proportional to »°. By differ- 
entiation, we obtain the result that the number 
of degrees of freedom appearing between fre- 
quencies » and »+d», in other words, the 
number of. oscillators in the crystal having 
frequencies in that range, would be 3N/3 
X3 3, 
6. QUANTISATION OF THE VIBRATIONAL ENERGY 

In his classic paper of 1907 introducing the 
quantum theory of specific heats, Einstein 
showed that the acceptance of his theory of 
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light quanta inevitably leads to the conclusion 
that the energy of the mechanical vibration of 
elementary oscillators—such as the molecules 
of a gas or the structural units in a crystal— 
would also be related to their respective fre- 
quencies by the quantum rules. He also indi- 
cated a procedure by which the thermal energy 
of a crystal could be evaluated as a function 
of the temperature on the basis of the quan- 
tum hypothesis. He identified the thermal 
energy of the crystal with the energy of 
mechanical vibration of an immense number of 
individual oscillators distributed over its volume. 
It was assumed that these oscillators could be 
grouped into sets, each set comprising a great 
number of individual oscillators characterised by 
acommon frequency of vibration. The total num- 
ber of the oscillators of all kinds was taken to 
be equal to thrice the number of the atoms 
comprised in the crystal. The oscillators them- 
selves were assumed to be harmonic and to 
occupy the various energy levels allowed by 
the quantum hypothesis for the particular fre- 
quency. The thermodynamic principle of Boltz- 
mann was then introduced, leading to the result 
that the numbers of the oscillators occupying 
the various permitted levels are in the 
relative proportions indicated by that principle, 
and determined by the respective energies and 
by the temperature. The average energy of the 
oscillators in each of the sets was then evaluat- 
ed. Summing up over all the oscillators in each 
of the sets and then over all the sets, Einstein 
obtained an explicit formula for the thermal 
energy of a crystal as a function of the tem- 
perature. 

Einstein’s ideas necessarily form the basis of 
any rational approach to the solution of the 
specific heat problem for crystals. For, they 
are based on an atomistic approach to the prob- 
lem and effect a synthesis of the results of 
classical dynamics with the notions of the quan- 
tum theory and the basic principles of thermo- 
dynamics, in other words, of all the three dis- 
ciplines which find a place in the problem. 
Einstein’s formulation, however, had the weak- 
ness that he left unanswered three important 
questions: What precisely are the individual 
oscillators contemplated in the theory? How 
are they to be enumerated? How should their 
frequencies of vibration be determined ? Also, 
to enable his theory to be applied in the par- 
ticular case of diamond, Einstein assumed that 
the individual atoms in that crystal were them- 
selves the oscillators contemplated in his theory. 
This was an oversimplification which resulted 
in discrediting Einstein’s theory. For, that 
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assumption was theoretically unsustainable and 
it. also led to values for the specific heats at 
low temperatures which were in disagreement 
with the experimental facts elicited by later 
investigations. It is not surprising in these 
circumstances that Einstein’s approach to the 
specific heat problem was laid aside, and that 
other and totally different ways of approaching 
the same problem gained general acceptance. 
The present approach to specific heat theory 
is in a sense a rehabilitation of Einstein’s ori- 
ginal ideas. It fills in the lacunez left by him 
and we are thereby enabled to make use of 
Einstein’s formulz just as they stand for an 
evaluation of the thermal energy of the crys- 
tal. But, before we proceed to write down the 
expressions, it appears desirable to emphasize 
certain fundamental aspects of Einstein’s theory 
which also find a place in the present approach 
to the subject. Einstein’s application of Boltz- 
mann’s _statistical—thermodynamical principie 
finds its logical justification in the fact that the 
crysta] is regarded as an assembly of great num- 
bers of similar oscillators capable of exchanging 
energy with each other and forming a system 
in thermodynamic equilibrium. The use of the 
principle implies that the energy of vibration 
of the individual oscillators of each sort exhi- 
bits fluctuations over the volume of the crystal 
both in space and in time, the magnitude of 
these fluctuations being naturally the greater, 
the higher the frequency of the oscillator con- 
sidered. This picture of the thermal agitation 
in crystals is fundamentally in accord with the 
actual facts of crystal architecture as well as 
with the principles of thermodynamics, but it 
is very remote indeed from any ideas of its 
nature based on the notions of macroscopic 


Another feature of Einstein’s theory which 
he himself stressed is the intimate relationship 
which. it indicates between the thermal proper- 
ties and the spectroscopic behaviour of crys- 
tals. The same relationship is also a feature 
of the present theory. But, the latter goes fur- 
ther than Einstein’s, silice it specifies the 
number of sets of oscillators which are the 
carriers of the thermal energy and also indi- 
cates the procedure by which their frequencies 
may be evaluated. Properties descriptive of the 
macroscopic behaviour of solids, viz., their elas- 
tic constants, do not as such find a place in the 
present theory of the specific heats of crystals. 

7. EVALUATION OF THE SPECIFIC HEATS OF 
CRYSTALS 

‘Making use of the reasoning employed by 
Einstein, we obtain the following expression for 


Science 
the heat content of a volume of a crystal con- 
taining N unit cells of the crystal structure as 
a function of the temperature, namely 


N [ 249-3) hy, 3hr*de 
8 L eb J ara; | 
The numerical factor 1/8 appears in the ex- 
pression because each oscillator comprises 8 
unit cells of the crystal structure. On differ- 
entiating the expression with respect to T, we 
obtain the formula for the specific heat. 

The following remarks may be made regard- 
ing the numerical evaluation of the expression 
given above. All the (24p—3) frequencies 
would be distinct from each other only in the 
case of a completely anisotropic crystal. If any 
symmetry elements are present, the number of 
distinct frequencies would be naturally dimi- 
nished, but the formula remains the same. Such 
reduction in the number of distinct frequen- 
cies would appear both in respect of the 
(3p—3) frequencies in which both the ampli- 
tudes and the phases are the same in adjacent 
unit cells and in the 21p others in which the 
phases may be opposite, as already explaincd. 
As an illustration of these remarks, we may 
consider a case in which p= 2 and the crystal 
belongs to the cubic class and its structure con- 
sists of two interpenetrating face-centred cubic 
lattices. The (3p— 3) distinct frequencies then 
reduce to a single triply degenerate frequency : 
the 2l1p or 42 other vibrations reduce to 
only eight distinct frequencies, the modes rela- 
ting to all of which may be readily described 
in geometric terms connected with the struc- 
ture of the crystal. 

Since the first term in the expression for the 
thermal energy is a summation extended over 
(24p—3) distinct modes of vibration, while 
the second represents the residual spectrum, it 
is evident that the latter would be of minor 
importance relatively to the first, especially in 
those cases where p is large, in other words 
when the crystal has a multi-atomic structure. 
The position is a little different when 7p is 
small, as for example, when p is equal to 1. 
The contribution from the second term would 


‘not then be altogether negligible in comparison 


with the first term. The second term also 
acquires some importance relatively to the first 
at very low temperatures. For, since the fre- 
quencies appearing in it are low, their contri- 
butions to the specific heat would survive when 
those due to the vibrations of the higher fre- 
quencies appearing in the first. term have drop- 
ped out by reason of Boltzmann’s principle. 
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GEOLOGY OF THE PAVAGAD HILL 
Ss. C. CHATTERJEE 
Department of Geology, Patna University, Patn2z 


AVAGAD HILL is an outlier of the Deccan 
Traps situated about 25 miles north-east 
of Baroda. Blanford! examined this hill in 1869 
and noted that it was capped by a ‘peculiar 
light purple argillaceous rock’ which was later 
identified by Fermor? as rhyolite. Fermor? col- 
lected specimens of basalt, rhyolite, rhyolite- 
breccia, and pitchstone from the hill during a 
one-day visit and his descriptions are even now 
the only published detailed account of these 
rocks. Subsequently, a controversy started 
about the relationship of these rocks which has 
not yet been resolved. 

Fermor found large boulders of rhyolite at 
different levels along the path leading to the 
top alternating with basalts, and came to the 
conclusion that the basalt and the rhyolite 
were interbedded. Beer? later gave a descrip- 
tion of an ascending section of the hill in which 
he recorded the different levels where the dif- 
ferent types of basalt and rhyolite were found. 

Mathur and Dubey* later worked in this 
area, and concluded that the basalt and rhyo- 
lite lavas were not interbedded. They further 
recorded the occurrence of ultrabasic lavas 
which they considered intrusive into the basalt. 
In a separate communication Dubey® stated 
that the rhyolite and the basalt were not inter- 
bedded. According to him, while the ultrabasic 
magma followed the basic throwing out much 
basic tuff, the flows of rhyolite occurs on the 
surface at ali levels which showed that they 
formed the last phase of igneous activity much 
later than the Deccan Trap. He proposed a 
Miocene age for the rhyolite from the determi- 
nation of radioactivity and helium ratio. The 
thyolite flows were further considered to have 
been erupted from vents and the topmost flow 
was regarded as an intrusive plug, surrounded 
as it is by thick deposits of agglomerates and 
ash. 

The same views were reiterated by Mathur® 
in his Presidential Address to the Geology Sec- 
tion of the Indian Science Congress, 1934. 
Mathur also noted the occurrence of ultrabasic 
rocks closely associated with the ashes and tuffs 
and older than the rhyolite flows (p. 335). 
Fermor? got the view about the eruption of 
rhyolite from vents of Central type examined 
by Heron who reported that the top rhyolite 
represented a single horizontal flow. 

The author of this note had an opportunity 
of examining the Pavagad area about a year 


back with a party of his senior students. In 
course of the survey of the main hill along the 
pilgrim route and a part of the base, and the 
adjoining smaller hills, definite evidence of 
interbedding, both horizontal and vertical, of 
two different types of lava was found. One of 
the lavas is basalt, but the other lava is purple- 
coloured, resembling a rhyolite, and produces 
purple and reddish soils. The colour of the lava 
varies from purple to reddish in more weathered 
outcrops and to a dark chocolate in many fresh 
outcrops. Along the path leading to the top from 
the Baroda-Shivrajpur Road, huge blocks of 
this lava are seen. There are also boulders of 
rhyolite. While many of them seem to have 
rolled down from higher levels, there are other 
exposures of rhyolite which appear to be in 
situ, judging by the parallelism of their joint 
planes and flow direction, six furlongs from the 
base. The latter is seen by the side of the first 
tank on the hill and in the two smaller hil- 
locks to the south-east. In the smaller hill to 
the north of the road, this purple lava overlies 
bedded flows of anakaramite and is, in turn, 
overlain by basalt. Agglomerates in which 
fragments of basalt, sometimes olivine-bearing, 
are enclosed in the purple lava are common in 
different parts of the hill. The purple lava has 
many small included dark patches of tuff of 
the same composition, which are sometimes more 
vitreous than the main rock. It was evidently 
erupted with some explosive violence. There 
are dykes of an oceanite type of rock with many 
phenocrysts of olivine, and a few of pyroxene 
in’ a ground consisting of many 
grains of olivine, microlites of feldspars 
and some glass with iron ores, in the purple 
lava south of the road and another dyke vf 
olivine basalt was noted in the smaller north- 
ern hill. From the broader relations of the two 
lavas—one basaltic and the other the purple- 
coloured one—the dykes seem to be of the type 
of composite dykes. The purple lava has a 
platy structure in some outcrops. 

In its microscopic characters the purple rock 
has many similarities with mugearites which 
are associated with olivine basalt as composite 
lava flows in the Scottish Carboniferous pro- 
vince and as composite sills in Skye and Ren- 
frewshire.6 In fact, the mugearite lavas are 
interbedded with the olivine basalt lavas in 
several areas in Northern Ayrshire.® Mugea- 
rite has not so far been recorded from 
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India. The purple rocks show under the 
microscope a well-developed trachytic texture 
with small grains of pyroxene in between the 
microliths, and a few micro-phenocrysts of 
feldspars, often altered, pyroxene and olivine. 
There is plenty of magnetite granules and 
orange-coloured chlorophzite, besides secondary 
biotite round magnetite and zeolites. Fig. 1 


FIG. 

shows an olivine micro-phenocryst on the right 
and an oligoclase lath on the left. There are 
many variations from these general characters. 
The feldspars are generally oligoclase as has 
been determined both from extinction angle and 
optic axial angle. In addition, the presence of 
orthoclase as individuals and as a mantle round 
the plagioclase, which is an important charac- 
teristic of mugearites, has been confirmed by 
staining with sodium cobaltinitrite and by the 
optic axial angles of micro-phenocrysts showing 
only Carlsbad twinning. The pyroxene micro- 
phenocrysts have a 2V varying from 55° to 57° 
indicating a diopsidic augite which is to be ex- 
pected in alkaline basic rocks. 

In the main Pavagad Hill, west of Budhyia 
Gate, about 1,100ft. above the sea-level, below 
the rampart, is a section showing a series of 
purple-coloured lavas gently dipping to the 
north-west followed upwards by bedded basalt 
with well-marked columnar jointing. It was 
found that the lower flows consist of a trachyte 
with micro-phenocrysts of feldspars both sani- 
dine and oligoclase, and granules of pyroxene 
with plenty of opaque reddish iron oxide and 
glass as shown in the second microphotograph 
while the basaltic rock is a porphyritic one with 
phenocrysts of bytownite in a ground mass with 
intersertal texture. The pyroxene of the basalt 
is almost identical with that of the trachyte and 
has a 2V of 55° to 57°. Fermor had noted the 


similarities between the pyroxene of the basalig 2 
and that of the rhyolite and the dacitic affini§ @ 
ties of some of the rhyolites. Trachyte had not§ © 
been recorded previously, but most of the flowsg @ 
of the lower slopes of the hill are of a trachytic§ ‘ 
‘(when olivine-free) or mugearitic (with 
vine) type, the former with well-developei§ 
pyroxene crystals (Fig. 2). Dubey and Bajpai! i 
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FIG. 2 

in a paper on the radioactivity of the Dec plu 
Traps described two porphyritic basalts, on¢ tuf 


containing phenocrysts of andesine and thei pit 
other of oligoclase, the former at an altitud af 
of 1,400 ft. and the latter at 1,600 ft., but in hand phe 
specimens they were indistinguishable fron Thi 
typical plateau basalts and so the oligoclase- the 
bearing basalt was considered to be a more alka- typ 
line variety approaching andesite. It does not fiss 
seem, therefore, that it was of the mugearite sou 
type found by this author although the possi- I 
bility is there. 

In the main hill, the first outcrop of normd 
basalt in situ was found about 1,000ft. above trac 
the ground-level. Farther up is the interbedding} 
of trachyte and basalt noted previously. Far-} 17 
ther up is an extensive flow of porphyritie) ing: 
olivine basalt without feldspar phenocrystsj PeD 
and with pink iddingsite pseudomorphs after “al 
olivine, which extends along the eastern spurf 22 
of the Pavagad Hill at the end of which stands} bas: 
the Bhadrakali Temple. But the temple itself} >as: 
stands on a flow of mugearite which is highly} Whi 
vesicular at this place. The mugearite forms-e} ‘iff 
ridge. Besides, vertical impersistent sinuous YOU 
bands of mugearite were also found in the} tdi 
basalt. Towards the main hill in the north- 
west, the next higher flow is of normal basalt 
(olivine-free and with feldspar phenocrysts). 
The temple is at a height of 1,734 ft. above sea- 
level while the normal basalt occurs about 
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2,000 ft. This is again followed by massive bed- 
ded flows of coarse-grained feldspar-phyric 
olivine basalt just below the wooden bridge 
above the trench which cuts off the main hill 
top. The feldspars show beautiful cruciform 
twinning. The olivine phenocrysts in all these 
flows have almost the same 2V (88° to 90°) 
indicating a high MgO content. There is no 
marked difference in the composition of the 
olivine and the pyroxene of the olivine-rich 
basalts of different levels. In the mugearites 
the olivine appears to be less magnesian. In 
both, the olivines are often zoned, particularly 
in the olivine-rich portions, and the pyroxenes 
are also zoned in some rocks. 

On the last level of the Pavagad Hill, sur- 
rounding the turret of the top, are thick depo- 
sits of green ash beds containing phenocrysts 
of sanidine and albite, south-south-east of the 
temple at the top, and pink, brownish, whitish 
and variegated ash beds to the west and the 
north. The ash beds are followed by an ex- 
tensive mass of rhyolite which forms the top. 
The flows show a slight basining near the top 
and the stratified ash beds form vertical bands. 
The rhyolite has very prominent vertical joint- 
ing which naturally suggested the idea of a 
plug to Dubey, surrounded as it is by ash beds, 
tuffs, agglomerates, and rhyolite-breccia, besides 
pitchstone and obsidian. The pitchstone forms 
a flow on the way to the ash beds and shows 
phenocrysts of albite, pyroxene and fayalite. 
There seems to be little doubt that the end of 
the magmatic period was marked by explosive 
type of eruption through localised vents and 
fissures in both the main Pavagad Hill and the 
south-eastern outlying hills. 

In the smaller hill to the north of the road, 
a thick flow of basalt was found overlying the 
trachytic type of rock along the northern scarp 
on the face of a waterfall and a quarry. 

The object of this note is to record the find- 
ings of certain new facts in their bare outline 
pending the working out of the mass of mate- 
rials, In the Pavagad Hill are not only basalts 
and rhyolites, but also ankaramites, olivine- 


basalts, mugearites and trachytes. The olivine- 
basalt-mugearite-trachyte form a_ series in 
which there has been interbedding of flows of 
different kinds. The rhyolite seems to be 
younger as has been determined by Dubey from 
radioactivity, and overlies the former series, The 
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relation of the rhyolite to the alkaline series 
still awaits investigation but Holmes’ sugges- 
tion!! about the association of basic and acid 
lavas in Central Complexes seems to be the 
probable explanation. 

The above facts point to the existence of 
lavas of different composition, with more or less 
intratelluric crystallization, for eruption almost 
simultaneously or alternately as was supposed 
by Fermor, both for the Pavagad lavas and the 
Bushawal lavas. Geological literature provides 
well-known instances of similar association such 
as the lavas of the Scottish Carboniferous pro- 
vince, the islands of north-west Scotland, and 
the Hawaiian lavas described by MacDonald. 
MacDonald!2 has suggested a mechanism cf 
such alternate eruptions from a common mag- 
matic wedge in which some gravitative arrange- 
ment might have occurred with fractional dif- 
ferentiation, and fissures tapping different levels 
would bring to the surface lavas of different 
composition. West!3 found in Western Kathia- 
war an alternation between normal porphyritic 
basalt, porphyritic olivine-basalt, and oceanites 
and anakaramites in the lavas penetrated by 
deep boring. 

A detailed study of the minerals of the dif- 
ferent flows together with their composition in 
relation to the lavas and further field study 
are in progress, and the results will be pub- 
lished elsewhere in due course. 
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ON THE PROCEDURE OF GROWING LARGE MONOCRYSTALS 
JOACHIM BITTNER 
Veb Carl Zeiss, Jena 


modern science and engineering the grow- 
ing of monocrystals and their application 
plays an important part. Although crystals 
have been in practical use since many years 
because of their ultra-violet and infra-red 
power of transmission for optical purposes aud 
for piezoelectrical and photoelectrical pro- 
cesses, the problem of growing them syntheti- 
cally has only become acute when the store of 
natural crystals no longer met the ever-in- 
creasing requirements with regard to quantity 
and quality. This development commenced 
approximately 20 to 30 years ago. 

By crystal growing, we understand the pro- 
duction of larger monocrystals in laboratories 
under constant conditions of growth. Monocrys- 
tals are crystalline bodies, the crystallographic 
axes of which have the same orientation at 
every point. Such crystals can be produced 
from any pure substances as well as from mix- 
tures of these substances. Only after one had 
succeeded to produce large monocrystals, was 
it possible to examine many physical proper- 
ties of metallic and non-metallic substances 
and to produce constructional elements for 
optical, piezoelectrical and electronic purposes. 

As the growing of crystals is a little known 
specialised field, I wish to descirbe here the 
fundamental methods and a few applications, of 
synthetic crystals. ; 

In the growing of crystals, two basic pro- 
cesses are applied: ; , 

1. Growing from a solution, 

2. Growing from the molten stage. ; 

The hydrothermal synthesis for which high 
pressures and high temperatures are used: in 
thick-walled steel vessels which can be closed 
(the so-called autoclaves), is still considered es 
a growing process from the solution, wheréas 
the Verneuil process (flame melting process) 
represents the growing process from the molten 
stage. We are commencing with the growing 
of crystals from the solution. As mostly water 
is used as a solvent it is, of course, presumed 
that the substance to be crystallized readily 
dissolves in water without decomposing. If the 
solubility of the substance—as usually happens— 
depends on the temperature, i.e., if it dissolves 
more at higher than at lower temperature, 
then a nucleus—a small monocrystal of the 
substance in question—can be placed in “the 
solution which was saturated at a certain tem- 


perature. By slowly and continually lowering§. 
the temperature of the solution, a controlled 
deposit of the substance on to the nucleus can 
be brought about. On the other hand, if the 
solubility of the substance diminishes with ris- 
ing temperature,—which occurs less frequently— 
the temperature of the solution must be slowly 
increased to effect a growth. 

_A process using an apparatus consisting of 
three containers is another variation of the 
method of growing crystals utilizing a drop in 
temperature. Whilst crystallisation takes place 
in one container, the two others are used for 
the saturation and temperature adjustment of 
the solution. Between the individual contain- 
ers is a slight temperature gradient which is 
required for maintaining the crystallisation. 

This process is especially suited to the manu- 
facture of large monocrystals. In addition to 
the abovementicned processes of productivn,§ 
growing of crystals at a constant temperature 
with adjusted evaporation is also possible. A 
nucleus placed in the saturated solution is forced§.; 
to grow by an initially low and subsequently 
increasing evaporation of the solvent condi- 
tioned by the continuous growth of the crystal 

With these methods of growing the surfaces 
of a crystal, the quickest growth may be 1 to 
2-5mm. daily, so that it may take weeks a 
months to obtain a crystal of the required 
dimensions. If clear, homogeneous and opltis 
cally pure crystals are required, the temperas 
ture of the solution must be perfectly regulated 
during this time by a thermostat and a steady 
even mixing of the solution ensured, otherwisé 
flaws—in the shape of clouding, turbidity and 
cracks—may occur in the growing crystal. The 
ends of the crystal which do not grow on to 
the wall of the container show well developed }; 
and even surfaces (see Illustration 1). ! 

Illustration 1 shows examples of synthetic 
crystals grown according to the temperature 
falling method. 

Examples from the solution-growth method 
are: alum which is used in optics, sodium potas- % 
sium tartrate (Seignette), ammonium-di- 
hydrogen phosphate (ADP), ethylene diamine 
tartrate (EDP), dipotassium tartrate (DKT), 
lithium sulphate, etc., used for piezoelectrical 
and electro-optical purposes. The hydrother- 
mal-growing of crystals has become of special 
importance for the synthetic production of sin 
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quartz crystals during the last 15 years, when 
t was highly developed particularly regarding 
e production technology. Here also the two 
undamental methods of crystallisation at con- 
stant temperature, or with a temperature gra- 
Hient, are used. Growing by means of a drop 
temperature where very long autoclaves are 
: sed to maintain the temperature difference 
l, if ers considerable advantages, and is used 
with ris-}owadays almost exclusively for the synthesis 
uently—fr quartz. We therefore wish to explain this 
e slowlyBrocess briefly. The base of the autoclave is fed 
ith broken up natural quartz as a nutrient 
preparation whilst the orientated and uniaxial 
yuartz nuclei crystals are fixed in the other part 
bf the autoclave. A sufficient solubility required 
or the quartz to grow is then effected with 
ncreased temperature and pressure by a weakly 


lowering 
ontrolled 
leus cau 


ment ¢fBicaline solution. (At a volumetric ratio of 75 
—s 6 80% approx. 400°C. pressures approaching 
is 


000 atm.) By differently heating the two 2ncs 
ff the autoclave a temperature gradient and 
hus also a difference in the concentration ci 
he solution is achieved, i.e., by higher heating 
bf the base part a greater saturation occurs in 
e nutrient substance than in the nuclei. The 
olution which in respect of the nuclei solution 
being oversaturated deposits the surplus, and 
he quartz nuclei grow. The varying concen- 
ation causes differences in the density, effeci- 
g a strong convection of the solution to make 
continuous movement of the substance from 


Illustration 1 : Synthetic crystal of Illustration 2 : 
ADP, sodium potassium tartrate and 


tash alum. 


ynthetic 
erature 

The 2-chamber autoclaves are based on the 
method e growing principle, but the dissolving and 
) potas- ferowing process is carried out in two different 
jum -di- rs, which are connected with each 
liamine fother. 
(DKT),{ Today it is already possible to produce quartz 
ectrical (crystals of approx. 1 kilo weight in 2 to 3 
rother- /months. 
special} With substances which melt without decom- - 


ion of@sing or which are not water-soluble, the 


trystallisation is effected from the molten 
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he nutrient preparation to the nuclei possible. 


Sodium 
(crystal on the left) and lithium fluo- 
ride monocrystals grown according 
to the Kyropoules method. 
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liquid. Even when a crystallisation from the 
solution as well as from the melt is possible, 
as for instance with rocksalt, the latter pro- 
cess is almost exclusively used because of the 
considerable saving of time. : 

It is a known fact that a melt cooling under 
normal circumstances solidifies in polycrystals. 
To achieve a monocrystalline growth there are 
two possibilities; in both cases, crystallisation 
commencing in one place and continuing through 
the whole melt. According to the first method 
evolved by Nacken and Kyropoules, a cooled 
down nucleus is planted into the overheated 
melt. For this purpose the melt is in a jar made . 
of a suitable material standing in an electric 
oven. The growth commences from the nucleus 
acting as a cooling centre. The growing is con- 
trolled by slowly removing the crystal and by 
continuous lowering of the temperature of the 
melt up to the solidifying point. Thus, mono- 
crystals of salt-like compounds the melting 
points of which range from 500 to 1,000°C. 
of approx. 15 kilo weight can be produced 
within a few days. It is characteristic of this 
method that the crystals have a rounded shape 
contrary to those grown from a solution (see 
Illustration 2). 

In the process developed by Bridgman and 
Stockbarger, a cylindrical jar with a conical- 
shaped point is slowly lowered through two 
superimposed ovens. The temperature of the 
upper oven is kept constantly above the melt- 
ing point of the substance, whilst the tempera- 


Sodium chloride 
(crystal on the left, lithium fluoride 
and KRS 65 crystal on the right) 
monocrystals grown according to the 
Stockbarger method. 


chloride Illustration 3 : 


ture of the lower oven is below the melting 
point. The oven combination thus has a vertical 
temperature gradient so that when continually 
lowering the jar in a certain place between the 
ovens, the crystallisation will commence on the 
top of the cone and expand from there. This 
method of growing has the advantage that sub- 
stances with a high vapour pressure, or sub- 
stances affected in the molten stage by the 
atmosphere, or the vapours of which are poison- 
ous, all of which can be crystallised by working 
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in closed vessels or in a vacuum. (Illustration 3 
shows crystals produced according to the 
Stockbarger method.) 

Other processes (Stoeber) utilize the heat 
difference in such a way that initially the tem- 
perature on the lowest point of the vessel is 
below the melting point so that the first nuclei 
form there. By means of “nuclei selection” it 
is then possible to grow monocrystals by pro- 
gressively lowering the temperature. These 
methods also allow for the production of large 
monocrystals, within a relatively short time. It 
is obvious that high demands must be placed 
on the temperature regulation, the course of 
the mechanical processes and the purity of the 
raw material. 

The crystals produced from molten solutions 
—predominantly halides of alkali and alkaline 
earth metals—are used in infrared and ultra- 
violet spectroscopy as prisms, windows and 
bulbs. In infrared spectroscopy, e.g., the crys- 
tals are used in a range where glass is not 
sufficiently transparent for testing rotativun 
vibration spectra, and thus serve for ascer- 
taining the structure of molecules. The methods 
of growing monocrystals of metal have become 
of immense technical importance, as their pro- 
perties considerably deviate from those usually 
existing as polycrystalline aggregates. Simi- 
larly to the Nacken~-Krypoules method, a cool- 
ed rod is dipped into the metal solution kept 
at a constant temperature. When this rod is slow- 
ly and evenly pulled out, monocrystalline coats 
of the solidifying metal are formed on it. With- 


European Congress of Chemical Engineer- 

ing and the ACHEMA Congress, 1958, have 
been scheduled to take place at Frankfurt ain 
Main. from 31st May to 8th June 1958. 

The scope and size of the forthcoming Con- 
gress will be considerably larger than the last 
meeting held in 1955 since the Congresses of 
the European Federation of Chemical Engineer- 
ing and the European Federation of Corrosion 
which will take place within the framework of 
the European Congress of Chemical Engineer- 
ing, will be organised with the co-operation of 
58 technical and scientific societies from 17 


CONGRESS AND EXHIBITION AT FRANKFURT, 1958 


out going into details of its principles, mention 
should be made of the zonal melting process 
which was developed a few years ago and is 
used mainly for the purification of semiconduc- 
tor substances, but can also be used in a modi- 
fied way for the growing of monocrystals. It 
offers the special advantage of melting with- 
out a jar. 

The crystallisation of substances with melt- 
ing points above 1,500° C. is limited in the above- 
mentioned processes by the problem of ovens 
and jars. Verneuil published in 1891 a process 
according to which, except for minor changes, 
monocrystais are manufactured even today. 
The heating source is an oxyhydrogen flame. 
The substance is introduced into the oxygen 
current as a fine powder and falls on a clay 
stick on which it melts. Initially, a cluster of 
crystals forms from which by collective crys- 
tallisation a favoured nucleus grows to a pear- 
shaped monocrystal of approx. 5cm. Corundum 
and spinel (melting points in the region cf 
2,000° C.) are examples of crystals produced in 
such a manner. Their use as precious stones 
and jewel bearings is well known. Production 
has so far advanced that thin orientated rods 
can be grown which can also be bent into loops 
for textile thread guides. 


applied for growing silicone, 
melting heating was replaced by radiation or 
induction heating to make crystallisation in a 
vacuum or neutral gaseous atmosphere possi-| 
ble.—(Courtesy : Jena Review, No. 1, pp. 24-26.) 


different countries. During the same period the 
Gesellschaft Deutscher Chemiker is arranging @ 
special meeting with a series of lectures and 
the DECHEMA will hold its Thirty-Second 
Annual Meeting. 

“Hundreds of firms from different countries 
are expected to take part in the Exhibition 
afranged at the Congress, with their exhibits 
on the latest developments in science and 
technology. 

Further details can be had from: DECHEMA, 
Frankfurt am Main-7, Postfach (Germany). 
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OLUME III of Advances in Geophysics, 

edited by Dr. H. E. Landsberg, is particu- 
larly welcome at the present moment when we 
are on the threshold of the International Geo- 
physical Year which will commence on July 1, 
1957, and continue for 18 months. 

The volume contains reviews by active, emi- 
nent geophysicists on the following seven sub- 
jects, all of which are of topical interest. Eacn 
review has appended to it a list of references 
to scientific papers and reports. 

Arctic Island Research. By A. P. Crary.—In 
1893-96, Nansen studied the oceanography and 
meteorology of the Arctic from his drifting 
frozen ship FRAM and demonstrated the great 
value of observations from such a moving sta- 
tion. The Soviets have made extensive investi- 
gations in this area beth before and after World 
War II using drifting ships and floating ice- 
packs. The present article by Crary is a sum- 
mary of the scientific work done since 1952 by 
the officers and scientific collaborators of the 
U.S.A. Air Force Cambridge Research Centre, 
from a base camp on a floating Ice Island T-3 
which has an area of 43 square miles. The 
article includes studies in Arctic oceanography, 
meteorology, gravity, geomagnetism, geology 
and biology. Observations have been made 
over ice and under water. The report is in the 
§nature of preliminary findings rather than 
completed scientific studies. 

A bathymetric map of the Arctic, showing 
ocean depths including measurements made by 
the Soviets is incorporated. An interesting sub- 
marine feature is a long under-water ridge 
roughly parallel to Long. 135° E. to 45° W. and 
nearly passing through the pole, called Lomo- 
hnosov Range by the Soviets. 

The locations of the ice islands and their 
surface and sub-surface characteristics together 
with a study of the C14 content of the dirt- 
deposits in the hollows afford evidence of their 
‘ong history and of climatic trends. There are 
plant deposits corresponding to ages of about 
6,000 years, 3,000 years and of 500-600 years. 
Dr. Crary states the tentative conclusion thai 
“the present period is one of long-term warm- 
ing which may lead to an open polar sea in a 
not too distant future”. 

There are three articles on Seismology and 
the Structure of the Earth, one by Professor 
Byerly of the University of California on “Sub- 


* Advances in Geophysics, Vol. 111. Edited by H. E. 
Landsberg. (The Academic Press, Inc., New York), 1957. 
’p. x + 378. Price $ 8,80. 
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continental Structure”, the second on “Heat Flow 
through the Deep Sea Floor” by Drs. E. C. Bul- 
lard, A. E. Maxwell and R. Revelle, and the 
third “On the Interior of the Earth”, by Pru- 
fessor J. A. Jacobs of the University oi 
Toronto. 

The article by Byerly gives a critical account 
of the work done in different countries on the 
thickness of the crustal layer of the earth, and 
on the dispersion of surface waves. The esti- 
mated average thickness of the crustal layer 
over continents is 30-40km. and there is a dis- 
continuity beneath, which is called the Mohoro- 
vicic or M discontinuity. The speed of P waves 
above the discontinuity is 6-7km./s. and below 
it, 7-5 to 8-4km./s. In this study, Professor 
Byerly has brought together the evidence col- 
lected by seismologists in different continenis 
from the recordings of natural earthquakes 
and also of waves from artificial explosions. 
The general conclusion is that the top crust of 
the earth is very varied in its constitution with 
perhaps two layers of varying thicknesses, but 
that below a depth of about 35km., a homo- 
geneous layer is met with. 

In the article on “Heat Flow through the Deep 
Sea Floor”, Professors Bullard, Maxwell and 
Revelle discuss the observations on heat flow 
made by the authors in the sediments of the 
ocean floors of the Atlantic and the Pacific. 
They find that although there is great variation 
in the heat flux from place to place, there is 
rough equality of oceanic and continental heat 
flows. The radio-active material in the grani- 
tic layer over continents is much more than 
in the basaltic crust of the ocean floor. This 
raises the question: How is the equality of 
heat flow maintained and what is the difference 
in the distribution of radio-active material in 
the earth’s mantle under the ocean and under 
continents ? 

.The article by Jacobs on the interior of the 
earth is a lucid and comprehensive survey of 
our present knowledge of this subject. Profes- 
sor Jacobs has summarised the information 
about the composition, structure, thermal his- 
tory and the magnetic field of the earth. He 
has also given some idea of the new know- 
ledge that is coming out from a study of rock 
magnetism and on polar wanderings and pos- 
sible reversals of the magnetic field of the 
earth in geological tune. The seismological and 
magnetic evidence requires that the electri- 
cally conducting central part of the earth con- 
sists of an internal solid core surrounded by a 
fluid shell whose outer boundary is at a depth 
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of 2,900 km. from the surface of the earth. The 
secular variations of the earth’s magnetic field 
can be explained by a slipping back of the non- 
conducting solid outer mantle over the fluid 
core at an average rate of 2° in 10 years. 

Dr. P. H. Jones and Dr. Skibitzke of the 
U.S.A. Geological Survey have given a very 
useful summary of modern methods used by 
field geophysicists to determine the depth, 
thickness, porosity, degree of saturation, etc., of 
aquifers and the chemical quality of the con- 
tained water. They have given a critical 
appraisal of the value of electric logging, tem- 
perature logging, bore-hole diameter logging, 
flow-meter logging and fluid conductivity log- 
ging. Radiation logging methods using natural 
radio-activity and absorption of neutrons from a2 
Ra-Be source are also described. 

There is an excellent article on the Optics 
of the Atmosphere by Z. Sekera dealing with 
the polarisation of skylight. It gives a good 
short account of Chandrasekhar’s treatment 
of the basic problems of radiative transfer, and 
in particular, of the intensity and polarisation 
of skylight in a molecular atmosphere. As is 
well known, Chandrasekhar uses Stokes’ polar- 
isation parameters and takes account of mul- 
tiple scattering and the earth’s albedo. . 

Sekera has also described the experimental 
work on the intensity and polarisation of sky- 
light which he and his collaborators are carry- 
ing. out in California using a photomultiplier, 
polariser and rotating retardation plate. The 
California School is making a detailed study 
of the effects of atmospheric turbidity on the 
polarisation of skylight and its dispersion, and 
hopes to separate out the effect of large par- 
ticles from that of molecules. A large amount 
of recent experimental material collected by 
the California School is summarised. Two out- 
standing problems in the Optics of the Atmo- 
sphere, one, the brightness and polarisation of 
the. twilight sky in which the curvature of the 
earth has to be duly taken into account and 


JOURNAL OF ULTRASTRUCTURE RESEARCH 


ESSRS. ACADEMIC PRESS, INC., have 
announced the publication of a new 
periodical under this title. Its purpose is to 
assemble in one medium papers dealing with 
the. ultrastructure of the elementary structural 
as well as functional components of cells and 
tissues. Papers on biological material analysed 
by means of electron microscopy, X-ray dif- 
fraction techniques, X-ray microscopy, polaris:- 
tion optical analysis, and. polarised infrared 
analysis will be acceptable as well as those de- 
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another on the scattering of light in the near 
ultra-violet, where absorption due to ozone is 
important are very briefly discussed. Dr. J, 
Walton has done valuable work on the second 
problem. 

The book appropriately concludes with an 
authoritative article by Dr. S. F. Singer on 
“Geophysical Research with Artificial Earth 
Satellites”. This contains an account of the 
U.S.A. programme on artificial earth satellites 
during the I.G.Y. and discusses the scope of 
the problems that can be investigated with their 
help in the immediate future, and at later dates 
as techniques get improved. The satellite can 
be used as an inert object like the moon for 
geodetic measurements or as an instrument- 
carrying vehicle for studying different kinds of 
radiation and of particles which arrive at the 
earth from outside the atmosphere. The satel- 
lite project is a natural corollary to the use 
of rockets for the study of the high atmo- 
sphere. The latter has already yielded much 
fundamental information and these two new 
tools of research promise to yield further in- 
formation about the time- and space-variations 
of the particle and wave radiations which reach 
the earth from the sun, interplanetary space 
and from outside the solar system. 

The project Vanguard of the U.S.A. Depart- 
ment of Defence contemplates placing of satel- 
lites at an angle of 40° to the Equator and at 
a height of over 300 miles. The first satellites 
will be spheres of diameter 20” and carry 4 
payload of 20lb. They will measure infra-red 
radiation from the earth, extreme ultra-violet 
including Lyman-« radiation and X-rays from 
the sun, meteoritic erosion, magnetic fields and 
cosmic ray particles. Naini Tal in India will 
be one of the stations for watching and timing 
the movements of the satellites. 

All the articles are written in a readable style 
and the book deserves wide circulation. 

K. R. RAMANATHAN. 


scribing techniques and instruments of import- 
ance for the development of ultrastructure re- 
search. 

Manuscripts intended for publication should 
be sent to the Editorial Office, Department of 
Anatomy, Karolinska Institute, Stockholm-60, 
Sweden. The first volume consisting of fow 
issues is priced at $15.00. Subscription orders 
should be sent to thé publishers, The Acade- 
mic Press, Inc., 111, Fifth Ave., New York-3, 
N.Y. 
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CANCER-—A BIOLOGICAL APPROACH’ 


HE understanding and control of cancer is 

the most urgent problem of medicine to- 
day. A marked increase in the absolute mor- 
tality from cancer has been demonstrated in 
various regions of the world. The incidence of 
the cancer of the lung has shown a ten-fuld 
rise during the past few decades, while Leu- 
kemia is another malignant condition whose 
phenomenal increase during the last ten years 
is causing grave concern. 

The intense research on cancer, so far, has 
been heavily biased in two practical directions, 
viz., the early diagnosis of cancer and therapy 
by non-surgical means. Though these approaches 
are desirable from strictly utilitarian aspects, 
a clear picture of the process in terms of gene- 
ral biological concepts is an essential pre- 
requisite for a rational study of carcinogenesis. 

Cancer is growth of cells free from the normal 
control exercised by the organism as a whole. 
In the broad sense of the term, the change is 
a genetic one. Whether it represents a true 
somatic mutation, transfer of plasma genes, in- 
corporation of a virus into a provirous state or 
some new concept yet to be formulated is a 
matter for investigation. 

Though certain trends are discernible, the 
processes of normal control of cellular growth 
are still speculative. Effective controls vary 
greatly from one cell type to another. The 
pituitary control of the thyroid function pro- 
vides one of the most clearly manifested feed- 
back mechanisms in biological hormonal con- 
trol. The first requirement for malignant growth 
is the loss of control mediated by physiologi- 
cal contact with adjacent cells. A significant 
proportion of the control of cellular reactions 
is intrinsic to the cells themselves. Cells of 
many types are constantly liberating ‘self- 
markers’ which are strongly suspected to be 
the specific agents of growth control and un 
interesting immunological theory of cancer has 
been built around this self-marker hypothesis. 
The loss of these markers is considered to be 
the primary determinant of malignancy. 

The outstanding feature of recent work on 
transplantation has been the recognition that 
all populations of cancer cells are heterogeneous 
and are subject to the processes of mutation 
and selective survival. Mutation is as frequent 
in somatic cells as in germ cells. Development 
of malignancy is the result of successive muta- 


* Based on the articles by Sir Macfarlene Burnet in the 
British Medical Journal. 1957, April 6th and 13th, 


tions occurring in cells capable of continued 
proliferation. There is a strong tendency for 
virologists to consider the theory of cancer as 
a parasitic disease due to infection of cells- by 
extrinsive viruses, as representing simply one 
rather potent means by which what is func- 
tionally equivalent to a somatic mutation can 
be produced. 

Mutation, whether occurring spontaneously, or 
under the influence of mutagenic agents is re- 
garded as a random occurrence. There is now, 
however, a fairly long list of chemicals which 
can be called mutagenics. Certain polycyclic 
aromatic hydrocarbons, azo dyes, epoxides, some 
ethyleneimenes and nitrogen mustards have all 
been shown to be carcinogenic in nature. An 
impressive amount of statistical evidence has 
shown cigarette smoking and atmospheric pol- 
lution associated with urbanisation and indus- 
trialisation as factors for the increase in lung 
cancer and the polycyclic hydrocarbon 3:4 
benzpyrene content of these has been incrimi- 
nated as the carcinogenic chemical. 

But the greatest danger to mankind, to- 
day, is the global dissemination of radioactive 
material. Ionizing radiations, whether from 
X-rays, atomic explosions or entry of radio- 
active material into the body, play a very sig- 
nificant role as mutagenic agents. One import- 
ant aspect of somatic mutation theory of cancer 
is the way in which it brings into the same 
focus the two important harmful effects of ion- 
izing radiation, carcinogenesis and genetic 
damage. Just as genetic damage may only be- 
come manifest in distant generations, so soma- 
tic damage may have no immediate effect but 
may lead to an accumulation of stock of mutant 
cells, all, one or more steps nearer the malig- 
nant change. There is no doubt that every type 
of ionizing radiation has a measurable muta- 
genic power and the effect is cumulative. It 
is impossible to say that any dose of radiation 
is harmless. Fully established chronic effect of 
the atom bomb explosion over Japan has been 
the development of leukzmia in survivors years 
later. 

Grave are the implications of the inevitible 
increase in the use of nuclear power, by the 
wide distribution of radioactive isotopes, by the 
global concentration of fission products from 
test explosions of nuclear and thermonuclear 
weapons and in the release of radioactive waste 
products disposal. 

If somatic mutation is the key to the under- 
standing of cancer, since there is no conceivable 
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way to induce a specific back-mutation, therapy 
along somatic-genetic lines is unthinkable. The 
chemotherapeutic approach based on physio- 
logical differences between the normal and the 
cancer cells suffers from the overwhelming 
intrinsic disadvantage that all anti-cancer 
drugs are also carcinogens. 

There is little ground for optimism about 


Obituary—Prof. Basant Kumar Das 


cancer. Somatic cells, being what they are, the 
impact of the environment must inexorably 
lead to the accumulation of mutant cells and 
the development of cancer. Unless all sources 
of mutagenic stimulii are controlled, no hope 
of decreasing the incidence of cancer can le 
visualised in the near future. 

M. Srrs1. 


OBITUARY 
PROF. BASANT KUMAR DAS 


news of the death of Prof. B. K. Das on 
6th April 1957, was received with deep re- 
gret by all who knew him. In the death ot 
Prof. Das, India has lost a distinguished Zoo- 
logist of international repute. It is well known 
that Prof. Das was largely responsible for 
organising the Zoology Departments of the 
Calcutta and Hyderabad Universities. 

Prof. Das was born on November 21, 1895, 
at Gangoor in Burdwan District. He was edu- 
cated at the Government High School at Allaha- 
bad, and then at the Muir Central College, 
Allahabad, where he passed his M.Sc. in Zoology 
in 1918 standing first in the examination. In 
recognition of his merit and distinction in re- 
search he was awarded scholarships of the 
U.P. Government. In 1920 he was appointed 
Lecturer in Zoology at the Allahabad Univer- 
sity, and, in 1923, he was awarded the U.P. 
State Scholarship for study abroad, and joined 
the Imperial College of Science and Techno- 
logy, London, under the late Prof. E. W. Mac- 
Bride, F.R.S. While at London University, he 
carried out researches on air-breathing fishes 
of India and obtained the D.Sc. Degree of the 
London University. On his return to India he 
was appointed Professor of Zoology of the 


Calcutta University. After working there for five 
years he joined the Osmania University in 1932, 
where he continued as Professor of Zoology till 
he retired from service. After retirement he 
was closely associated with the organisation of 
the Fisheries Department in Hyderabad. Pro- 
fessor Das’s researches on air-breathing fishes 
has received worldwide recognition. It was fur 
this work that he was awarded the Huxley 
Memorial Prize in 1931. In 1935, he represented 
India at the International Zoological Congress 
held in Lisbon and was elected as one of their 
Vice-Presidents. In 1940, he was President of 
the Zoological Section of the Indian Science 
Congress held at Madras. 

Prof. Das took immense interest in his stu- 
dents, both in regard to their scientific train- 
ing as well as their personal welfare and was 
a source of great inspiration to them. His death 
is a great personal loss to all his students. Even 
after retirement from the University service, 
Prof. Das rendered immense help to research 
workers by giving guidance and technical help. 
He ieaves behind his wife, two daughters, two 
brothers and a number of friends to bemoan 
his loss. 

B. S. Burm acnar. 


INTERNATIONAL CONFERENCE ON RADIO-ISOTOPES IN SCIENTIFIC RESEARCH 


to our previous announcement 

(Curr. Sci., 1957, p. 131), we now officialiy 
learn that the above Conference, organised by 
UNESCO, will be held in the premises of the 
New Faculty of Medicine, 45, Rue des Saints- 
Peres, Paris, from 9th to 20th September 1957. 
English and French will be the working lan- 
guages of the Conference and the UNESCO 
Secretariat will provide simultaneous interpre- 
tations in both the languages. Speeches made 
by Russian and Spanish participants of the 
Conference will also be interpreted in English 
and French. Papers presented and summaries 


of speeches made in languages other than 
English or French will be recorded in these two 
working languages only. 

During this part of the year, when the wea- 
ther will be usually fine in Paris, it would be 
difficult to find hostel accommodation unless 
reservations are made. Therefore, the participants 
are requested to correspond with UNESCO 
Radio-Isotopes Conference, 19 Avenue Kleber, 
Paris (16°), France, giving full particulars in 
block letters of their names, addresses, etc., so 
as to reach them on or before the 10th 


August 1957. 
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THE FORMATION OF PHOTOSENSI- 
TIVE FILMS ON BRASS 


In our previous communication! the formation 
of a photosensitive film on brass surface by 
immersing the specimen for three days in 
N/1000 tartaric acid and subsequent exposure 
to sunlight has been reported. 

Similar photosensitive films have been ob- 
tained on specimens of alfa brass prepared as 
before by treatment with other reagents. The 
reagents employed were N/1000 solutions of 
malic acid, citric acid and acetic acid 
and -5N solutions of sodium bicarbonate 
and potassium tartrate respectively. The 
most efficient reagent for the promotion of the 
photosensitive film was a saturated solution of 
potassium persulphate. When a specimen is 


dipped in a saturated potassium persulphate 
solution for a few seconds, followed by dipping 
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Functioning of Haploid Gametes in the 
Cross Saccharum officinarum x Saccha- 
rum spontaneum—P. A. KaNDASWAMY 
AND J. T. Rao .. 


Chromosome Number in the Genus Helio- 
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in water and subsequently exposed to sunlight 
for two to three seconds only, photosensitive 
film was obtained. 

It is interesting to observe that the time of 
exposure to sunlight is considerably shortened 
if the specimen after treatment with the reagent 
is dipped in N/2 HCl for a second, followed by 
dipping in water and then exposed to sunlight. 
In some cases the photosensitive film is not ob- 
tained without the intervening hydrochloric 
acid treatment. 

Similar photosensitive films were obtained 
on specimen of copper (electrolytic) heated in 
air, following Pilling and Bedworth,? in which 
the authors have concluded that the film is cf 
cuprous oxide; however they do not state 
whether the films obtained by them were photo- 
sensitive. The chemical properties of the film 
have been reported before.! It may be con- 
cluded that the film is of cuprous oxide. Iis 
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apparent insolubility in ammonia may be ex- 
plained following U. R. Evans. The cathodic 
reduction of the film (a method developed at 
Cambridge*), formed in malic acid, also gives 
one inflexion only suggesting the formation of 
one oxide of copper. 

Preliminary observations have suggested that 
the sensitivity depends upon the formation of 
a film of critical thickness. This point how- 
ever requires further investigation. 

Our thanks are due to Ahmedabad Education 
Society for laboratory facilities and the Guja- 
rat University for the grant of a research 
scholarship to one of us (M. N. Desai). 


L. D. Arts College and M. N. DEsat. 
M.G. Science Institute, A. M. TRIVEDI. 
Ahmedabad-9, May 9, 1957. 


1. Trivedi, A. K. M. and Desai, M. N., Curr. Sci., 
1956, 25, 354. 

2. Pilling, N. B. Bedworth, R. E., /. /ust. Metals, 
1923, 29, 5 

3. Evans, U. x Se. Soc. Chem. Ind., 43, 18. 

4. — and Miley, H. A., Mature, 1937, 139, 283; 
J. Chem. Soc., 1937, p. 1295. 


A NOTE ON THE PREPARATION OF 
URANIUM TETRAFLUORIDE — 


URANIUM TETRAFLUORIDE is generally prepared 
by hydrofiluorination of uranium dioxide with 
hydrofluoric acid or anhydrous hydrogen fluoride.' 
It is also precipitated from aqueous solutions cf 
uranyl fiuoride, chloride or sulphate using stan- 
nous chloride and hydrofluoric acid.2 Mention 
has also been made in the literature about elec- 
trolytic reduction of uranyl compounds to get 
UF,. Many metal oxides can be converted to 
fluorides by reaction with fluorinated hydro- 
carbons.*:4 The reaction of various uranium 
oxiges with fluorinated hydrocarbons, chiefiy 
freons, has been studied by Booth et al.® and the 
Brown University group, who found that the 
physical characteristics of the UF, obtained by 
this procedure was different from that obtained 
by the hydrogen fluoride procedure. The UF, 
prepared with the help of freons was more 
desirable for certain purposes. In this labora- 
tory studies have been made on the prepara- 
tion of UF, by the reaction of freon-12 with 
the peroxy complex of uranium of the type 
M,U,0,,F, XH,O (M=NH,, K, % Ba), in- 
stead of the oxides of uranium. 

The ammonium form of the peroxy complex 
of. uranium was prepared from crude sodium 
diuranate as reported earlier by the authors.7 
The oven-dried (110°C.) complex was heated 


in a current of freon-12 gas at 450-550° C. ina 
pyrex glass tube. During the reaction ammo 
nium fluoride and other volatile halides like 
FeCl, sublimed off. The residue left behind in 
the reaction tube consisted of emerald green 
crystalline uranium tetrafluoride together with a 
small amount of soluble uranium. halides. The 
fluoride was washed free of the soluble pro- 
duct with water and was then dried at 110°C, 
The yield of UF, was about 95%. Starting from 
crude sodium. diuranate, containing U,0,— 
78-2%, Fe,0,—0:6%, SiO,—0-62%, ThO.-- 
0-4%, rare earth oxides—1-7%, uranium fluo- 
ride analysing U—73-8%, F—23-5%, Fe— 
0-:014%, ThO.,—nil, rare earth oxides— 4p.p.m 
has been obtained. 

Details of this method have been worked out 
on 5lb. scale and will be published elsewhere. 

Thanks are due to Dr. Jagdish Shankar for 
his keen interest during the progress of this 
work, and to the Analytical Section for the 
chemical analysis. 

N. S. KRISHNA PRASAD. 

Chemistry Division, V. V. DApDaPE. 
Atomic Energy Establishment, Trombay, 
Bombay-28, June 24, 1957. 
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FOSSIL GALLS ON SOME JURASSIC 
CONIFER LEAVES 


Rao in 19461 found some foreign bodies 
attached to the leaves of Nipanioruha granthia, 
a fossil conifer from the Jurassic of the Raj- 
mahal Hills, Bihar, and described them as 
cylindrical or dome-shaped hollow bodies. He 
did not find any internal structure preserved in 
them and believed them to be of animal ori- 
gin, possibly eggs or cocoons. 

Recent examination of Jurassic conifers from 
Nipania near Amrapara in the Rajmahal Hills, 
has revealed that these foreign bodies are borne 
on fragmentary as well as in situ leaves of 
two species of Nipanioruha, N. granthia Rao 
emend. and N. lanceolata sp. nov. and also on 
the leaves of Brachyphyllum nipanica sp. nov.? 
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The leaves bearing them do not show any sign structure and the presence of an, aperture pre- 


of decay and appear to be normal in structure 
(Figs. 1 and 2), while Rao found them on partly 
decayed leaves, 


Fic. 1, A leaf of Mipanioruha granthia Rao showing 
four galls (g), x 30. 


Fic. 2. A leaf of Mipanioruha lanceolata Sp. nov. show- 
ing two galls (g), cut in sections, x 30. 

Fic. 3. A section through one of the galls showing a 
hallow cavity (c), surrounded by loosely packed cel- 
lular tissue, X 720. 

These foreign bodies (Fig. 1), ovoid or kid- 
ney-shaped in form, slightly over 1mm. long 
and about 34mm. broad, hollow from within, 
are made up of closely packed cellular tissue 
the cells of which are round to angular (Fig. 3). 
On the distal end of one of the foreign bodies 
there is noticed an aperture, probably an exit 
for the spores produced inside. The internal 


clude the possibility of there being a cocoon o1 
an egg. These localised swellings are believed 
to be galls or tumours. 

For a comparative study, free-hand sections 
were made of the galls on the leaves of modern 
Ficus sp., etc., and a striking anatomical simi- 
larity was found in both the fossil gall-like 
structures and the modern galls. Literature on 
modern galls* was consulted and the above 
identification confirmed. 

The slides of the fossil material were later 
sent to Prof. M. S. Mani, Professor of Zoology 
and Entomology, St. John’s College, Agra, for 
his opinion. In a personal communication, Pro- 
fessor Mani considers the foreign bodies as ab- 
normal outgrowths of cells, viz., galls. From 
the structural details he feels the galls were 
probably formed by a species of a mite. If this 
identification is correct as it appears to be, this 
is perhaps the first report of fossil galls from 
India. Fossil galls are, however, known from 
the Cretaceous and Post-Cretaceous horizons of 
the other countries but the structural details of 
the fossil galls are described for the first time. 

My thanks are due to Prof. M. S. Mani for 
kindly examining the slides and confirming my 
observations, 

Birbal Sahni Institute of 

Palzobotany, 

Lucknow, May 31, 1957. 


VISHNU-MITTRE. 


1, Rao, A. R., M@.0. Jyengar Comm. Vol., Jour. 
Ind. Bot. Soc., 1946. 

2. Vishnu-Mittre, P4.D. Thesis (unpublished), 1957. 

3. Mani, M. S., Agra Univ. J. Res. (Sci.), 1953,2 (1); 
7bid., 1954, 3 (1). 


SOME NEW f-PHENETHYLAMINES 


$-PHENETHYLAMINE and its derivatives are well 
known for their sympathomimetic action which 
is modified by the presence of substituent 
groups. With a view to studying the effect of 
the latter in different positions in the aromatic 
ring on the physiological activity, a number of 
f-phenethylamines have been synthesised. 
The starting materials were the following 
aldehydes: (1) 2, 4-dimethoxy-6-methylbenzal- 
dehyde, (2) 2, 4-diethoxy-6-methylbenzalde- 
hyde, (3) 2-ethoxy-4-methoxy-6-methylbenzal- 
‘dehyde, (4) 2, 6-dimethyl-4-methoxybenzalde- 
hyde, (5) 2, 6-dimethyl-4-ethoxybenzaldehyde, 
(6) 2, 4-dimethyl-6-methoxybenzaldehyde, 
(7) 2, 4-dimethyl-6-ethoxybenzaldehyde, (8) 2- 
benzyloxy-3-methoxybenzaldehyde, (9) 2, 3, 


| 
ammo 
des like 
ehind in 
d green 
r with a 
les. ‘The 
pro- 
110° 
from} Wa. 

U,0,— 
Tho -- Gs, a 
RASAD. 1 
2 
istry of 
| 
Proc. 
bodies 
Raj- 
m as 
s. He 
red in 
l ori- 
from 
Hills, 
borne 
es of ‘ 
nao 
30 on 
nov.” 


Letters to the Editor | Sere 
ANALYSIS ANALYSIS 
m.p. of m.p. of 
No. | __nitro- Formula Found Calculated | amine Formula | . Found Calculated 
styrene picrate 
C% | H% | C% | | C%® | | C% | He 


1 | 117°%-18° | CyyHisO4N | 50-1 | 5-6 59-2 5-8 


| 48-0 5-0 | 48-1) 4-7 


| 
2 115°-17° | 62-4 6-7 62-2 6-7 


178°-80° CipH240oN4 50-1) =5+4) 50-4 5-3 


135 °-36°  Cy2Hi504N | 61-1 6-2 60-8 6-3 


188°-89° CisH2209N4 49-6 5-3 | 49-3 5-0 


115°-16° | C,3Hy303N | 63-8 6-2 63-8 6-3 


| 50-3) 5-2) 50-0| 4-9 
) 


81°-82° | 65-4 7-1 65-2 6-8 


185°-86° CysHe2OsN, | 51-2 5-2) 51-2| 5-2 


140°-41° | 64-0 6-1 63-8 6+3 


188°-89° CyzH20OsN, 50-3 5-1 50-0 5-0 


113°-14°  Cy2Hi503N | 64-9 6-5 65-2 6-8 


173°-74° CygH220gNe 51-0 | 5-6 | 51-2 5-2 


143°-45° | 54-3 5-1 | 54-3| 4:5 


102°-03° | Cy,Hy305N | 55-1 5-6 55+2 5-4 


158°-59° | 46-1 4-7 | 46-4 | 4-5 


5-trimethoxybenzaldehyde. These were con- 
densed with nitromethane! in the presence’ of 
acetic acid and ammonium acetate to give the 
corresponding /-nitrostyrenes. The latter were 
reduced with lithium aluminium hydride? to the 
f-phenethylamines isolated as their picrates. 
These amines are being tested for their phy- 
siological activity, and a detailed account wi!l 
be published elsewhere. 
Dept. of Organic Chemistry, J. R. MERCHANT. 
Institute of Science, A. J. MOUNTVALA. 
Bombay-1, 
June 4, 1957. 


1, Raiford, L. C. and Fox, D. E., /. Org. Chem., 
1944, 9, 172. 

2. Ramirez, F. and Burger, A. /. Am. Chem. Soc., 
1950, 72, 2781 ; Erne, M. and Ramirez, F., Helv. 
Chim, Acta, 1950, 33, 912. 


BIOCHEMICAL STUDIES ON 
BUFFALO-BULL SEMEN 
SEMINAL plasma exerts a distinct stimulating 
effect on the sperm motility, due partly to the 
“dilution effect” but mainly to the presence of 
specific substances present therein.! ° 
The present investigation was undertaken 
with a view to estimate some of the important 
constituents of the seminal plasma of buffalo- 


bull and to trace any possible correlation be 
ween them and sperm activity as measured by 
“fructolysis index”. Such biochemical studie 
on the semen of farm animals have assumed 
much importance in evolving suitable semen 
dilutors for use in artificial insemination. There 
is very little information in this respect in case 
of buffalo bull whose semen does not keep well 
in dilutors suitable for bull semen. 

Six healthy buffalo bulls of Murrah breed, 
and approximately five years of age, were used 
for the experiment. They were kept under uni- 
form management and feed, etc., throughout 
the entire experimental period. Semen w3s 
collected at regular intervals (7 days). But 
chemical estimations were made and fructolysis 
index of individual ejaculates measured in the 
twenty-eighth day samples. Two ejaculates 
from each bull were collected at an interval of 
10 minutes every time and studied separately. 

Within 2-3 minutes after collection, aliquots 
of whole semen were taken out for the 2sti- 
mation of fructose and total reducing substan- 
ces. Then the samples (after the addition of 
few drops of chloroform) were suitably dilut- 
ed, centrifuged and filtered. The filtrates were 
then kept in well-corked tubes in the ice cham- 
ber of a refrigerator after the addition of few 
more drops of chloroform, thus ensuring com- 
plete stoppage of any enzymic or any other 
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TaBLe 'I 
A B 
Buffalo-bull Ball 
Chemical constituents Average Range Average Range 
mg./100 ml. mg./100 ml. mg./100 ml. _mg./100 ml. 
Fractose ee 782 325-1423 540 280—770 
Citric acid 720 340-1150 
ucing substances ee 85 
35— 62 34 24—45 
Organic phosphorus 68 50— 99. 73 
Inorganic phosphorus ee 17 14— 25 9. BS 
Non-protein nitrogen 109 85—140 48 


change in the seminal plasma for sufficiently 
long time required for the completion of all 
the estimations. The whole operation was 
finished within 15 minutes. 

One hundred and eight samples were studied 
for sperm concentration and motility as mea- 
sured by “fructolysis index” and were analysed 
for: Fructose: Method adopted by Mann,” 
using M/15 sodium citrate as buffer at pH 6-3. 
Citric acid: After Pucher, Sherman and Vic- 
kery? as modified by Krebs and Eggleston* and 
adopted by Humphrey and Mann.5 Total 
Reducing Substances: After Hagedorn and 
Jensen® with suggested improvements by Folin 
and Malmros? and Kramer and Steiner’; Cal- 
cium was estimated by applying methods of 
Clark and Collip®; Roe and Kahn!° and Beren- 
blum and Chain'!; Organic and Inorganic 
Phosphorus: Bernblum and Chain!!; Total and 
Non-Protein Nitrogen: Folin and Farmer,’* 
micro-kjeldahl method. 

In all the methods herein adopted, a re- 
covery of 100+5% was always seen. 

The averages and ranges of the various con- 
stituents studied are presented in Table I, 
Part A, and may be compared with those of 
bull semen!’ as presented in Part B of the same 
table. Sperm concentration, fructolysis index 
and concentration of the constituents of the in- 
dividual samples and other details will be pub- 


lished later. 


I am grateful to Dr. P. Bhattacharya for sug- 
gesting the problem and guidance. 

My thanks are also due to Mr. S. N. Luktuke, 
Research Officer (Sterility), for his helpful 
suggestions in the execution of the work. 
Indian Vet. Res. Inst., K. Pat. 
Division of Animal Genetics, 
Izatnagar, U.P., February 20, 1957. 
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EFFECT OF TEMPERATURE ON THE 
LONGEVITY AND LIFE-HISTORY OF 
MUSCA DOMESTICA NEBULO FABR. 


With a view to obtain information regarding 
the life-cycle of Musca domestica nebulo Fabr. 
throughout the year and to see whether tem- 
perature and relative humidity have any effect 
on its life-history and longevity of the adult 
fly, observations were made on a pure culture 
of the fly, reared by the author in Poona dur- 
ing 1955. A batch of 1,000 flies was kept under 
observation each month. The insects were bred 
in natural light. The eggs deposited by the 
females were transferred to a cage. The incu- 
bation period varied from 8 hours during sum- 
mer months (April, May and June) to 20 hours 
during winter months (November, December, 
January and February). The larve were bred 
on a mixture of wheat bran, yeast and water. 
As they pupated, the pupe were counted and 
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transferred to a separate cage, where the imagos 
emerged. The duration of the larval and pupal 
stages was noted. The adults were fed on 
crushed banana and milk. A daily record of 
maximum and minimum temperatures and re- 
lative humidity was kept from January 1955 
upto December 1955, 

The observations are recorded in Table I. 
It will be seen that during winter months 


TABLE 
Be beh ef 
Month of vss Stu 

om $25 “Es 3 

>S Sts g 

<2 <4" < 
1955— 
January 8 8 64 68 53 
February 71 40 
March 6 6 47 80 43 
April . 4 5 40 85 33 
May 4 4 30 88 48 
June 4 4 41 83 67 
July . 5 4 42 82 79 
August 5 5 44 81 88 
September 5 5 49 77 81 
October 6 6 52 76 68 
November 8 8 62 69 58 
Decem 8 8 72 66 55> 


(November, December, January and February) 
the average duration of larval and pupal stages 
is 8 days, whereas during summer months 


OF MEAN TEMP 
6 80 85905 


LONGEVITY IN DAYS 


30 40 50 60 70 80 90 


——Temp. oo cose 
Fic. 1 

(April, May and June), it is only 4 days. It 

will also be seen that during colder months 

the longevity of the adult is maximum, vary- 


ing from 57 to 72 days, while during hot months 
it is minimum, varying from 30 to 41 days, 
It will be found from Fig. 1 that longevity 
is highest (72 days) when the temperature is 
lowest (66° F.) and it is lowest (30 days) whe 
the temperature is highest (88° F.). Thus longe- 
vity increases with decreasing temperature 
and decreases with increasing temperature 
There is therefore a correlation between tem. 
perature and longevity of the adult. Tempe 
rature is inversely proportional to longevity. ané 
increasing temperature quickens the rate 4 
development within limits. 
As regards the relative humidity, it appears 
from Table I, that unlike temperature, it ha 
no recognisable effect on longevity and life 
history of the fly. 
Dept. of Zoology, 
University of Poona, 
Ganeshkhind, Poona-7, By 
October 19, 1956. definit 
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THE TETRAZOLIUM BROMIDE was a 
REDUCTION TEST IN ASSESSING THE} preset 
QUALITY OF FISH* have 
TETRAZOLIUM salts have been used extensively the it 
in studies on the differentiation of tissues ani  S!8t 
dehydrogenase systems.'-? Laxminarayana ang ‘est il 
lya*t have studied the correlation between th: 
bacterial count, and the time taken for th 
reduction of part of the tetrazolium bromide ? 
assessing the quality of milk. At Torry Re 
search Station, Aberdeen® test papers im 
nated with tetrazolium salts were used fo 
assessing the spoilage of cod and haddoc 
stored in ice. The applicability of this test in 
assessing the quality of fish stored at 26-28°C 
(laboratory temp.) by using modified proce- 
dure was studied and the results are presented 
in this note. 

Absolutely fresh ffish from _ shore-seir 
catches at Dhanushkodi were used in thes 
experiments. To 2-5ml. of the phosphate buf- 
fer of pH 7-2, 2ml. of the muscle suspensio 
(10g. in 100ml. of distilled-water) 0-5ml. o 
triphenyl tetrazolium bromide were added, 
stoppered and incubated at 37°C. The tube 
were occasionally shaken to promote uniform 
reaction. The time taken for the appearance 
of the red colour was recorded. The colour was 2. F 
extracted with normal butyl alcohol. The totd 
volatile nitrogen, trimethyl amine and bacte- 3. 4 
rial count of the fish muscle, were determine} 4: I 
by the standard methods employed in this b. A 

The observations on the different. types 
fish like sardines, mackerel and Lethrint 
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showed that the time taken for the initial 
appearance of red colour is proportional to the 
extent of fish spoilage when stored at labora- 
tory temperatures. Several observations re- 
vealed that the colour was perceptible within 
3hr. when the fish passed the organoleptically 
fresh stage. In the case of spoilt fish it took 
less than 30min. for the appearance of the 
red colour. In the second set of observations 
with iced fish the results are in good agree- 
ment with the organoleptic tests. Lactarius 
stored for 26 days with 41:06mg.% of total 
volatile nitrogen and 9-00mg.% of trimethyl 
amine nitrogen showed the red colour in 2 hrs, 
with a bacterial count over a million. Obser- 
vations on Caranz stored in ice for 3 days show- 
ed red colour in 13 hrs. with a bacterial count 
of 100 colonies per gm. of the muscle with a 

low T.V.N. and T.M.A. values. 

By allowing the reduction to proceed to a 
definite length of time from the onset of reduc- 
tion it was noted that the intensity of colour 
was also related to the extent of spoilage. The 
presence of 1% sodium chloride was found to 


have an inhibitory effect on the time taken for 
the initial colour development. This point has 


“a a significant bearing on the application of this 


test in case of the salt-cured fish. 

The observations indicate that the T.T.B. re- 
duction test may prove useful in studies on 
fish spoilage. The time taken for the initial 
development of the colour seems to indicate the 
state of preservation of fish stored in ice when 
chemical data showed little indications. Further 
work is in progress for applying this test in 
routine examination of fish spoilage. 

My thanks are due to Shri N. K. Velankar 
for his keen interest in the preparation of this 
note, and to Dr. N. K. Panikkar for his en- 
couragement and guidance. 

Central Marine P. V. KAMASASTRI. 

Fisheries Res. Station, 

Mandapam Camp, May 29, 1957. 


* Published with the kind permission of the Chief 
Research Officer, Central Marine Fisheries Research 
Station, Mandapam Camp. 
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THE PISTIL OF OCHNA SQUARROSA 
LINN. 


THE occurrence of a completely hollow stylar 
canal opening freely to the outside in Ochna 
squarrosa has been reported in a brief abstract 
by the senior author (1947)! and the present 
paper describes in detail not only the structural 
features but also the course of the vascular 
bundles of the gyncecium. 

The pistil of this species has a very deeply 
lobed ovary and a single gynobasic style, termi- 
nating in bifid stigmatic branches. The 2zar- 
pels, five to fifteen in number, are arranged in 
a whorl around the floral apex (Figs. 2 & 3), 


Fic. 1. T.S. passing through the base of the pistil. 

Fics. 2 & 3. T.S. of the ovary at two different levels in 
the lower part showing that the carpels are not completely 
free from one another. 

Fic. 4. T.S. at a level near the base of the style. 

Fic. 5. T.S. of the style. 

FIG. 6. T.S, of the style near the stigmatic level. 

es 7, Diagrammatic median longitudinal section of 


and it is noteworthy that they are not so com- 
pletely free from each other as sometimes e- 
scribed (Rendle, 1935).2 For a very short dis- 
tance near the base of the pistil in the central 
zone, the fusions of the margins of adjacent 
carpels are clearly seen (Fig. 3). This is in 
accord with the observations on the fruit of 
another species of this genus, namely, Ovhna 
multiflora made recently by Baum (1951).3 She 
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described that although an apocarpic appear- 
ance is marked in fruit development, the 
gyneecium is actually syncarpous. The hollow 
stylar canal in Ochna squarrosa appears to be 
far wider than what is shown in the figures of 
Baum given for O. multiflora. The canal opens 
freely to the outside without any hairy obstruc- 
tions, as in Butomopsis reported by Johri 
(1937).4 Although the pollen grains of Ochna 
squarrosa are much smaller than the width of 
the stylar canal they have not been actually 
seen within it, and possibly the pollen grains 
germinate only on the stigmatic surface and 
not within the stylar canal. Pollen grains have 
been artificially introduced by the authors into 
the stylar canal to see if they germinate there- 
in, but such attempts have been unsuccessful. 

The traces to the pistil arise from a ring 
of vascular tissue present in the thalamus. Each 
carpel receives a dorsal trace, and this bears 
almost at its base, two lateral veins (Fig. 1). 
All these branch further in the ovary wall 
(Figs. 1-4). The carpel may also receive two 
more lateral bundles directly from the stele, 
but these disappear soon. After the dorsal and 
the lateral traces are given off, there is left in 
the thalamus, opposite each carpel, one bundle 
that runs straight into the ovule (Figs. 1, 2 
The dorsal bundle runs upwards in the ovary 
wall, passes over the crest of the ovary lobe 
formed by this carpel, and runs downwards on 
the opposite side of the carpel upto the base 
of the style (Fig. 7). Here, this bun- 
dle turns upwards to enter the style, 
and as it does so, divides into two 
equal radially-placed branches (Figs. 4, 7). 
Thus each carpel provides the style with two 
bundles (Figs. 5, 7). All these bundles run up- 
wards to the base of the stigma, where the 
outer of each pair of vascular bundles divides 
into two, and these two branches run into a 
pair of stigmatic lobes (Figs. 6, 7). The inner 
vascular bundle runs to the base of the iges- 
tic lobes and disappears. 


Dept. of Botany, 
Ramnarain Ruia College, 
Matunga, Bombay-19, 
May 21, 1957. 


v. ‘S. Rao. 
K. Gupte. 


1. Rao, V.S., Proc. nd. Sci. Comg., 1947. 
3. on /- B., Classification of Flowering Plants, 


3. Baum, H., Osterr. Bot. Zeits., 1951, $8, 383-94. 
4. Johri, B. M., Proc. Ind. Acad. Sci., 1937, 4B, 
139-162. 
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PHYSIOLOGICAL STUDIES IN THE 
BANANA “THELLACHAKRAKELI” 


REFRIGERATED gas storage of fruits has been 
known for a long time and it has been realised 
that the particular temperature and gas con- 
centration at which the fruits could be stored 
for the longest period of time has to be deter- 
mined for each kind of fruit and also for the 
different varieties. Work has been in progress 
in this laboratory on the physiological changes 
taking place in the banana fruit variety “Thella- 
chakrakeli” in storage at two different tem- 
peratures and in different carbon dioxide con- 
centrations. 

Studies on fully grown mature fruits of the 
banana variety locally known as “Thella- 
chakrakeli” indicated that in storage at two dif- 
ferent temperatures the carbon dioxide output of 
these fruits followed a similar pattern, ie., a 
climacteric rise and senescent fall at the labora- 
tory temperature of 30°C. (+ 0-1° C.) and in the 
cold store at 10°C. (+0-5°C.). The only dif- 
ference, if any, was that the climacteric rise 
was prolonged in the latter with consequent 
delayed colour changes on the skin of the fruit. 

The increase in acidity was steeper at the 
higher temperatures of 30°C. than at 10°C, 
the peak value being reached on the 19th day 
at the former and on the 27th day at the lat- 
ter temperature. The acids detected in these 
ripe fruits by chromatograms were citric and 
malic. 

Preliminary experiments on storage of these 
fruits in 10 and 20% carbon dioxide-air mix- 
tures increased their storage life by 5 to 7 days 
and 9 to 10 days at the two temperatures of 
30°C. and 10°C. and the less mature bunches 
reacted less beneficially in the excess carbon 
dioxide atmospheres than fully mature ones. 
Chromatograms obtained of fruits kept in dif- 
ferent concentrations of carbon dioxide showed 
that the malic acid component increased with 
increasing concentrations of carbon dioxide and 
with the length of period in storage, while the 
other did not show such marked fluctuations.. 

Though refrigerated gas storage of fruits and 
vegetables is known for a long time the exact 
physiological mechanism involved is not fully 
understood. Kidd and West (1937) believe 
that the background for refrigerated gas stor- 
age is the combined effect of reduced oxygen 
and increased carbon dioxide concentration on 
the respiratory activity of the fruit which is 
lowered. Thornton (1933) observed a marked 
reduction in oxygen uptake by bananas and 
strawberries in carbon dioxide atmospheres of 
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30% or higher. Work carried out on other fruits 
by Gerhardt et al. (1941), also showed that 
fruits can be stored in excellent condition for 
short periods by storing in high concentrations 
of carbon dioxide and at a temperature of 
about 50°F. It has generally been made out 
that a high carbon dioxide environment 
depresses the respiratory activity of the fruit 
and thus prolongs the storage life of the fruit. 
It is also possible that when the fruits are 
stored in high carbon dioxide environments the 
carbon dioxide is absorbed in the dark and used 
as a metabolite for organic acid synthesis 
(Werkman and Wood, 1942; Thomas, 1947) 
and these organic acids follow the changes 
proposed in Krebs’ cycle releasing the energy 
needed for respiratory activity slowly. Evi- 
dence collected in this investigation shows that 
there is considerable increase in malic acid with 
increase in carbon dioxide in the environment 
and with length of storage period in carbon 
dioxide. A detailed account of the investiga- 
tions will be reported elsewhere. 

Dept. of Botany, P. V. V. SESHAGIRI. 
Andhra University, P. V. BHIRAVAMURTY. 
Waltair, May 29, 1957. 


1. Kidd, F. and West, C., /. Pom. Hort. Sci., 1937, 

14, 299-316. 

2. Thornton, N.C., ** Carbon dioxide storage, III. The 
influence of carbon dioxide on the oxygen uptake 
by fruits and vegetables,” Boyce Thomp. Inst. 
Contr., 1933, 5, 371-402. 

3. Gerhardt, F. e¢ a/., “‘ Effect of carbon dioxide on 
apricots and peaches under simulated transit,” 
Amer. Soc. Hort. Sci. Proc., 1941, 38, 243-48. 

4. Werkman, C, H. and Wood, H.G., “ Heterotropic 
assimilation of carbon dioxide,” Advanc. Enzy- 
1942, 2, 135-182. 

5. Thomas, H., Plant Physiology, J. and A, Charchill, 

London, 1947. 


FUNCTIONING OF HAPLOID GAMETES 
IN THE CROSS SACCHARUM 
OFFICINARUM x SACCHARUM 
SPONTANEUM 


CYTOGENETICAL researches on Saccharum during 
the last three or four decades have revealed 
certain interesting and significant features 
which are peculiar to sugarcane such as poly- 
ploidy, heterozygosity, chromosome elimina- 
tion, parthenogenesis, functioning of unreduced 
gametes, etc. Saccharum officinarum has been 
observed to contribute unreduced gametes when 
used as a pistillate parent against Saccharum 
spontaneum—the wild species of sugarcane— 
and this as been considered to be a constant 
feature.1+ 
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During the current year, three seedlings were 
obtained by crossing S. officinarum var. Vellai 
(2n=80) with S. spontaneum var. Uganda 
(2n=120). (The seedlings were studied for 
important morphological characters, stem epi- 
dermal pattern and brix (total solids in juice). 
In the matter of colour of stalk, thickness of 
stalk, number of rows of root-eyes and length 
and width of leaf, the hybrids were interme- 
diate between the parents. The presence of 
ligular process in the hybrids was a character 
derived from the female parent. One of the 
hybrids flowered and the floral characters were 
noticed to be similar to those of Vellai, the pis- 
tillate parent. The stem epidermal pattern re- 
sembled the pollen parent in one seedling and 
the female parent in the other two. The brix 
per cent. in juice was the same as in Vellai in 
one of the seedlings while it was intermediate 
in the other two. 

Acetic-orcein smear counts of the poilen 
mother-cells in the seedling G.5257, which 
flowered, revealed the presence of only 50 bodies 
in the metaphase plate indicating that only 
monoploid gametes have functioned in both the 
parents. This was confirmed by the somatic 
counts (Plate I) which in all the three seed- 


lings showed 2n = 100. As far as is known, this 
is the first record of reduced gametes func- 
tioning on the S. officinarum side when S. spon- 
taneum is used as the staminate parent, 

It may be mentioned that the variants of 
S. spontaneum used by previous workers in the 
hybridisation programme with S. officinarum 
were of the three groups 2n— 64, 80 and 112. 
The variant used in the present case has 
2n = 120 chromosomes. The highest chromosome 
number so far recorded in S. spontaneum is 
2n=128. The variants with 2n=120 to 128 
differ markedly from the lower polyploid vari- 
ants in the highly protogynous nature of the 
spikelets. Further studies in progress will show 
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whether the use of the variants with 2n—120 
to 128 always results in monoploid gametes 
functioning on the S. officinarum side. 

Parthasarathy*® has suggested that “generally 
when the genetical or family relationship is 
near, reduced gametes function and when the 
relationship is more distant, the compatibility 
of the cross is presumably due to the function- 
ing of the non-reduced gametes’. On the basis 
of chromosome homology, a close relationship 
has been suggested between S. officinarum and 
Sclerostachya, Narenga, Erianthus and S. robus- 
tum5 The functioning of haploid gametes on 
the S. officinarum side in the present case would 
appear to suggest a close relationship between 
S. officinarum and S. spontaneum as well. 

Further work is in progress. 

Thanks are due to Shri N. L. Dutt for interest 
in the work and to Shri R. R. Panje for sug- 
gestions in the preparation of the note. 
Sugarcane Breeding Inst.,P. A. KANDASWAMY. 
Lawley Road P.O., J. T. Rao. 
Coimbatore, April 20, 1957. 


1. Bremer, G., Genetica, 1923, 5, 97-148, 273-76. 

2. Dutt, N. L. and Rao, K. S. S., /ud. Journ. Agri. 
Sci., 1933, 18, 346-47. 

3. Parthasarathy, N., Jour. Ind. Bot. Soc., 1947, 
133-50. 

4. Raghavan, T. S., Journ. Hered., 1951,42, 199-206. 

5. —, and Govindaswamy, S., Proc. Soc. Sug. 
Tech. 9th Cong., India, 1956 


CHROMOSOME NUMBER IN THE 
GENUS HELIOTROPIUM LINN. 


AHUJA AND NATARAJAN! have recently recorded 
the haploid chromosome number of Heliotro- 
pium indicum as thirty-two. Britton,= how- 
ever, previously recorded it as 2n= 22. 

Investigations in the comparative anatomy, 
embryology and cytology of four species of 
Heliotropium are in progress in this labora- 
tory for some time, the somatic and gametic 
counts of which are as follows: 


n 2n 
1. Heliotropium indicum L. 11 22 
2. H. peruvianum L. 9 18 
3. H. ovalifolium Forsk. 16 32 
4. H. curassavicum L. 14 28 


The meiotic process in all the four plants 
studied appeared to be quite regular and nor- 
mal bivalent formation has been observed. The 
study of the morphology of somatic chromo- 
somes shows the presence of Sat- and second- 
ary constricted chromosome. It is interesting 
to note in this connection that the chromosome 
number of Heliotropium indicum as observed 


| 
Science 


during the course of this investigation corres- 
ponds with Britton’s? findings. The plants 
studied by Ahuja and Natarajan,’ therefore, 
appear to belong to a different cytologic race, 

Britton? records twenty-six to be the diploid 
humber for Heliotropium curassavicum 
whereas Schnack and Covas? report it to be 
twenty-eight. The present investigation corro- 
borates the findings of the latter authors. Brit- 
ton’s determination of the chromosome number 
for Heliotropium arborescens (H. peruvianum) 
as 2n= 18 finds support from the result of this 
investigation. The chromosome number of 
Heliotropium ovalifolium appears to be a new 
record. 

From the available literature on the subject 
it appears that an aneuploid series occurs in 
the genus Heliotropium, 

My thanks are due to Dr. I. Banerji under 
whose guidance and care this work has been 
carried out. 

Dept. of Botany, 
Calcutta University, 
Calcutta-19, June 4, 1957. 


Prapyot K. PAL. 


1. Ahuja, M. R. and Natarajan, A. T., Curr. Sd., 
1957, 26 (4), 117. 

2 Britton, D. M., Brittonia, 1951, 7, 233 

*3. Schnack, B. and Covas, G., Haumenia, 1947, 1, 32. 


* Not seen in original. Quoted from Darlington, C. D. 
and Wylie, A. P., Chromosome Atlas of Flowering 
Plants, 1955, George Allen & Unwin Ltd., London, 


CHROMOSOME NUMBER OF SOME 
ASCLEPIADACEAE 


IN a recent note by Ahuja and Natarajan. (1957), 
it has been stated “the chromosome numbers 
of some common plants belonging to families 
like Asclepiadacez, Rubiacez, etc., have not 
been reported so far”. So far as the family 
Asclepiadacee is concerned, the present author 
(1955) in a note published in this journal have 
recently recorded the chromosome numbers of 
five commonly’ occurring Asclepiadaceous 
plants. The present note gives some of the 
determinations made since then (Table I). 


TABLE I 
Calotropis gigantea R. Br. 1l 22 
C. procera R. Br. ll 22 
Dischidia rafftesiana Wall. ll 
Dregea volubilis Benth. ; ll 22 
Hemidesmus indicus R. Br. 733 
Pergularia pallida W.& A. ll 
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_It is interesting to note that the somatic 
chromosome numbers of Calotropis gigantea 
and C. procera agree with the determination of 
Ahuja and Natarajan; their gametic numbers 
were, however, not previously recorded. 

Though the chromosomes are very small, the 
number and the morphology of the somatic 
chromosomes of different genera of the Ascle- 
piadaceze have béen studied by prefixing the 
root tips in suitable chemicals like oxyquino- 
line, paradichlorobenzene, «-bromonaphthaline, 
coumarine, etc., and following the aceto-orcein 
squash technique. The gametic numbers, how- 
ever, have been determined from permanent 
preparations. 

It is proposed to present the karyotype analy- 
sis of the plants studied, soon. Mention may, 
however, be made that Calotropis gigantea 
shows a pair of secondary constricted chromo- 
somes in addition to a pair of satellited chromo- 
somes in its somatic complement. 

My thanks are due to Dr. I. Banerji under 
whose guidance the work is being carried out 
and to the Ministry of Education, Government 
of India, for the award of a research scholar- 
ship. 

Dept. of Botany, 
Calcutta University, 
June 13, 1957. 


INDUSEKHAR BISWAS. 


1, Ahuja, M. R. and Natarajan, A. T., Curr. Sci., 


1967, 26, 117. 
2. Biswas, I. S., /did., 1955, 24, 204, 


TANNIN IN ROOT TIP ASA 
PROBABLE GENERIC CHARACTER OF 
ERIANTHUS, MICHX 


In the course of the routine work of fixing rovt- 
tips for determination of the chromosome num- 
bers, it was noticed that root-tips of certain 
species of Erianthus when placed in Navashin's 
fixative (Langlet’s modification) immediately 
turned black. When this test was applied to 
other species of Erianthus available at the 
Institute as also the species of Saccharum, 
Sclerostachya and Narenga, it was found that 
the root-tips of all species of Erianthus exam- 
ined turned black, whereas those of the other 
three genera remained unaffected. Eighty 
varieties of S. officinarum, twenty of S. spon- 
taneum, eight of S. robustum, ten of S. barberi 
and two of S. sinense and one each of Sclero- 
stachya fusca and Narenga porphyrocoma were 
tested against six species of Erienthus, viz., 
E. ravenne, E. munja, E. arundinaceous, 


E. hookerii, E. longisetosus and E. elephantinus. 
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The blackening is confined to the active 
meristematic region of the roots. Transverse 
sections of the roots revealed that the blacken- 
ing was caused by a precipitate in the cells in 
the cortical layer (Fig. 1). Microchemi- 


FIG, 


FiG. 2. Saccharum sp. 


cal tests showed that the blackening was caus- 
ed by the presence of tannin which gets preci- 
pitated on reaction with chromic acid, one of 
the ingredients of the fixative. From this it 
appears that the occurrence of tannin in the 
root-tip is a character of at least six species of 
Erianthus and may very likely be of taxonomic 
value in the separation of the genus from the 
allied three genera. It confirms the distinctness 
of the genus Erianthus from Saccharum as sug- 
gested by Jeswiet! and Dutt and Rao.? 
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In recent years, many chemical factors have 
been found to be useful as indicators of taxono- 
mic affinity and phylogenetic relationship. 
These characters are bound up with the basic 
physiological processes of the plants and are 
therefore particularly valuable in this direc- 
tion. Mez* has classified the monocotyledons 
on the basis of protein compatibility. Oils, 
starch and fats in seeds have been found to 
have a taxonomic distribution. At this Insti- 
tute, the occurrence of starch has been found 
to be a character of specific importance.® The 
presence of tannin in the root-tip of Erianthus 
and its absence in the other three gencra 
Saccharum, Sclerostachya and Narenga suggests 
that Erianthus is phylogenetically distinct from 
the other three. 

Thanks are due to Shri N. L. Dutt for facili- 
ties, to Shri R. R. Panje for supply of material 
and helpful suggestions and to Shri R. Nara- 
simhan for assistance in the microchemical tesis 
and identification of the substance. 

Sugarcane Breeding Inst., J. T. Rao. 
Lawley Road Post, P. A. KaNnDASWAMY. 
Coimbatore, May 18, 1957. R. KrisHNa KuManrI. 


1, Jeswiet, J., Arch. Suik. Ned. Ind., Med. Proef., 
1925 


Tech., 1950. 

3. Mez, C., In Textbook of Systematic Botany, by 
D. B. Swingle. 

4. McNair, J. B., Bot. Rev., 1945, 11. 

5. L, and Narasimhan, R., Curr, Sci., 1949, 


STRIGA LUTEA AND COTTON 


S. L. SHarma et al.4 reporting on the parasitism 
of the three species of Striga, viz., S. euphra- 
sioides, S. lutea and S. densiflora stated that 
“the range of S. euphrasioides Benth., was both 
in natural and artificial conditions, the widest 
of all the three, followed by S. lutea Lour. and 
S. densiflora Benth., both in respect of Mono- 
cots and Dicots”. 

The Gossypium (Sp.) was reported to be 
resistant to all the three species of Striga, 
Luthra (1921).1 It was stated by Bell and 
Dormer? (1932) that the exact mechanism of 
the inhibitory effect of cotton on the incidence 
and population of Striga in the succeeding 
Sorghum crop grown in highly infested fields 
needed further investigation. The experience 
of the local cultivators is that Sorghum grown 
after cotton has less attack of Striga parasite, 
while Sorghum grown after groundnut has 
severe attack, though they could not explain the 
reason. 


- 
Scieng 

During 1956-57, germination tests were con. 
ducted on S. lutea at Agricultural Researd 
Station, Nandyal, under laboratory condition 
making use of the method described by Nara. 
simha Murthy et al. on crops normally grow 
in rotation with Sorghum. In a_ cylindrica 
glass trough, Striga seeds were set in betwee 
herbarium sheet cut to the size and wrapped 
round the inside wall of the glass pot, such 
that the Striga seeds could be seen through the 
glass-wall serving as a window from outside, 
Filling up the trough with sand, the host plants 
were grown in the glass pots and with the 
help of the root leachings the Striga seeds be- 
gan to germinate, and the day-to-day progres 
of germination was watched in respect of the 
crop plants tried as hosts. The count of the 
Striga seeds germinated in each case is given 
below : 


TABLE I 
a N umber germinated 
= : Crop with seeds of 
1954 1955 Total 
1. Jonna (Sorghum durra) 33 9 42 
2 Cotton (Gossypium arboreum var. 60 69 129 
indicum) 
3 Cowpea (Vigna unguiculata) 19 — 
4 Groundnut (Arachis hypogea) 1 1 2 
5 Greengram (Phaseolus aurcus) Nil Nil Nil 
6 Safflower (Carthamus tinctorius) 1 1 2 


It is seen that in the tests of 1954 and 1955, 
the number of Striga seeds germinated is higher 
in cotton, even more than that in Sorghum. 
From this it is evident that root leachings of 
cotton has the stimulating principle that causes 
germination of Striga seeds. Yet, the experience 
is that no Striga plants come above ground in 
a crop of cotton either in field or pot culture. 
This shows that cotton, though by its root 
secretion could germinate Striga seeds, is un- 
able to serve as a host. Kumar? has pointed 
out that Striga resistance in some of the Sor- 
ghum types is due to the structural differences 
in roots, and it is possible that for a similar 
reason cotton is unable to serve as a host. 

The above results throw light on the inhibi- 
tory effect of cotton on the incidence of Striga 
in a Sorghum crop succeeding cotton. Inciden- 
tally the severity of incidence of Striga in a 
Sorghum crop following groundnut can be 
understood, since the stimulating effect of root 


leachings of groundnut is poor, the complete § 


stock of Striga seed in the field is left un- 
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affected, to have its complete sway on the suc- 
ceeding Sorghum crop. 

B. L. NarRastmHa MurtTHry. 


Agric. Res. Station, 
Nandyal, A. V. PARTHASARATHY. 
May 16, 1957. M. SIVARAMAKRISHNAIAH. 


1. Luthra, J. C., Agri. Jour. India, 1921, 16, 519-23. 

2. Bell, A. F. and Costvell Dormer, W., Bur. of Sug. 
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3. Kumar, L.S.S, “ Final report on the scheme for 
investigation into the attack on Sorghum by para 
site Striga,”’ 1948. 

4, Sharma, S. L., e¢ a/., Proc. of the Sec. Bien. Conf. 
of Sug. Res. and Dev. Workers held at Jullendur 
(India), 1954. 

5. Narasimha Murthy, B. L., e¢ a/., The Andhra Agri. 
Jour., 1957, 4 (1). 


PRELIMINARY STUDIES ON BREED- 
ING IN MAIZE FOR RESISTANCE TO 
THE TOP-SHOOT BORER 


THe top-shoot borer, Chilo zonellus Swinhoe, is 
an insect pest attacking a wide range of host 
plants in India and is very destructive of maize, 
juar and sugarcane crops in this country. Not 
infrequently, entire crops of maize are destroy- 
ed by this pest. Insecticidal control, apart from 
being expensive, is often ineffective. Breeding 
of resistant strains constitutes the best way of 
combating the pest. No references are available 
in the literature on breeding for resistance to 
the top-shoot borer in India. 

This pest is distinct from the European corn- 
borer, Pyrausta nubilalis (Hbn.), which has 
received considerable attention in the U.S.A. 
where several resistant inbred lines and hybrids 
have been evolved through field tests carried 
out under. manual infestations (Hayes, Immer 
and Smith,1 Patch and Everly,? Patch, Holbert 
and Everly,2 Schlosberg and Baker* and 
Singh5). Preliminary studies conducted during 
the summer of 1956, at the Botany Division of 
the Indian Agricultural Research Institute, have 
shown that the techniques adopted in the U.S.A. 
for breeding for resistance to the European 
corn-borer are applicable, with some modifica- 
tions, in similar work with the top-shoot borer. 

The insects were reared in the laboratory on 
green maize stalks, for the production of egg 
clusters on a mass scale. Uniform infestation 
was brought about in the field on 3-4-week- 
old plants, by introducing the egg clusters in 
leaf-whorls of plants belonging to eight exotic 
and six indigenous inbred lines of maize. After 
25-30 days of infestation, observations were 


recorded on the following characters: leaf in- 
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jury, overall stalk injury and the number of 
stalk burrows made by the pest at maturity. 
Leaf injury was estimated by studying the ex- 
tent of feeding of leaf by the larve; overall 
stalk injury indicated the damage caused to the 
growing point, the nodes and internodes; and 
the number of burrows in the stalk at matur- 
ity indicated approximately the number of 
larve present in the plant. The ratings of ex- 
tent of injury was done by assigning grades. 
Leaf injury was graded from 1 (minimum) to 
4 (maximum) and overall stalk injury was 
graded from 1 (minimum) to 5 (maximum). 

The mean leaf injury ratings ranged from 1-4 
to 3-8, the exotic inbred lines, T202 and 
Tx61M showing the least amount of injury, 
viz., 1-6 and 1-4 respectively. As regards stalk 
injury the ratings ranged between 1-8 and 4:8. 
In this respect also the exotic inbred T 202 was 
the least injured, the rating being 1-8. The 
other exotic inbred Tx61M was second with 
respect to this character and showed a rating 
of 2-4. It was again remarkable that the exo- 
tic inbred T202 showed the least amount of 
stalk burrows per plant, namely, 0-6. The other 
exotic inbred Tx61M was second with respect 
to this character and showed 2-0 mean num- 
ber of stalk burrows per plant. The counts of 
stalk burrows per plant in other inbreds ranged 
from 3-5 to 14:0. The maximum measure of 
all-round resistance was thus manifested y 
T 202. The exotic inbred Tx61M was next in 
order of merit. Apart from these two inbreds, 
no differences were apparent as regards the 
behaviour of the indigenous inbred lines as a 
group as compared to that of the exotic in- 
breds. 

Further work is underway, on an extensive 
scale, for assessing several inbred lines and 
hybrids of maize with regard to resistance to 
the top-shoot borer, under artificial infesta- 
tion, with the ultimate object of evolving high- 
yielding, borer-resistant hybrids of maize. 


Division of Botany, S. M. Srxxa. 
Indian Agric. Res. Inst., N. L. DeAawan. 
New Delhi, May 24, 1957. JOGINDER SINGH. 
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-SOLUBILISATION OF PHOSPHATES 
BY SOME COMMON SOIL BACTERIA 


Preovskata (1948) isolated from soils and 
phosphorites an organism, capable of actively 
decomposing calcium phosphate with formation 
of water-soluble phosphorus which he termed 
‘Bacterium P’. From soil cultures Menkina 
(1950) isolated a new strain of B. megatharium 
var. phosphaticum and a new variety of a spe- 
cies of Serratia var. phosphaticum which were 
capable of mineralising appreciable amounts “f 
organic phosphorus. It is known that some of 
these strains are now being used in countries 
like Czechoslovakia, U.S.S.R., etc., for inocula- 
tion—apparently in rich soils, with the idea of 
bringing into solution sufficient amounts of 
phosphorus for nutrition of crops. 

A strain (Fosfo 24) of a Phosphorbacterium 
was obtained from Czechoslovakia during 1956 
and it was observed that in culture solutions 
in presence of inorganic and organic nitrogen, 
it brought into solution in varying amounts, 
phosphorus from insoluble organic and in- 
organic phosphates. It was found to be an 
aerobic bacterium, capable of functioning at a 

_ wide range of pH, viz., 4-0 to 10-5. Its appa- 

rent similarity in cultural and growth charac- 
teristics to some common bacteria suggested 
that the latter might also be endowed with 
capacity of solubilisation of phosphates. 

The present report deals with solubilisation 
of phosphates by B. subtilis, B. megatharium, 
B. mesentericus and B. mycoides as well as by 
Fosfo 24 in Kisch’s basal glucose salt solutioa 
(Kisch, 1919) whose pH had been adjusted to 
7-0 and where the phosphates had been re- 
placed by 1g. per 100c.c. each of different in- 
soluble phosphates and with 0-5g. each of 
ammonium sulphate or urea as nitrogen source. 
The culture liquids were centrifuged after in- 
cubation for two months at 30°C. and water- 
soluble phosphates determined in the clear 
liquids by the usual methods. 

In presence of ammonium sulphate the 
organisms brought into solution from 4-36 
(Fosfo 24) to 9-65 (B. subtilis) per cent. of 
P,O, contained in calcium phosphate, from 
0- re (B. mycoides) to 2:07 (Fosfo 24) per cent. 
in ferric phosphate, from 3-62 (Fosfo 24) to 
10-82 (B. subtilis) per cent. in calcium glycero- 
phosphate and from 5-10 (Fosfo 24) to 21-23 


_ Letters to.the Editor 


(B. mycoides) per cent. in lecithin. The amount 
of P.O, solubilised from Trichi nodules and 
Singbhum phosphate were small. B. mesenteri- 
cus and B. mycoides failed to solubilise am 
P.O, contained in bonemeal; rather 
utilised some P,O,; already soluble. 14-22% 
of P,O, contained in bone-meal was solubili 
by Fosfo 24. 


. In presence of urea, B. subtilis decreased the 
amount of P.O; already soluble in calcium 
phosphate ; the rest solubilised P,O, in amounts 
ranging from 3-29 (Fosfo 24) to 6-51 
(B. mycoides) per cent. The same tendency 
was observed in the case of ferric phosphate. 
The quantities of P,O; brought into solution 
ranged from 4-79 (B. mycoides) to 7-10 
(Fosfo 24) per cent. The organisms solubilised 
very little P,O; from  bone-meal, Trichi 
nodules and Singhbum phosphate. B. mega- 
tharium solubilised 13-19% and Fosfo 24, 
10-88% of P.O; contained in calcium glycero- 
phosphate. From lecithin, solubilisation of P,O, 
was observed in the case of Fosfo 24 (15-65%) 
and B. megatharium (17-59%); rest of the 
organisms utilised large portions of soluble 
P.O, already present in the material. 

It would appear from above that some com- 
mon soil bacteria have also the property of 
bringing phosphorus from insoluble phosphates 
into solution like the phosphorbacteria, though 
organisms like B. subtilis may, in presence of 
urea, utilise largely whatever phosphorus is 
already available in calcium phosphate, ferric 
Phosphate and lecithin rather than bring into 
solution fresh phosphorus  appreciahle 
amounts. 

Our grateful thanks are due to Dr. S. R. Sen 
of the Ministry of Agriculture for kindly ob- 
taining for us the strain of Phosphorobacterium 
from Czechoslovakia. Our thanks are also due 
to Dr. B. P. Pal, Director, LA.R.I., for kind 
permission to publish this note. 


Indian Agric. Res. Inst., ABHISWAR SEN. 
New Delhi, May 22, 1957. N. B. Pavt. 
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REVIEWS 


High Speed Diesel Engines. By A. W. Judge. 
(Chapman & Hall, Ltd.), 1957. Pp. vii + 578. 
Price 65 sh. 

This is the fifth edition of the popular book, 
High Speed Diesel Engines, by A. W. Judge, 
bringing its scope and contents in line with 
current developments. In a rapidly expanding 
scientific field like Internal Combustion Engines, 
‘I considerable variations in the type of approach 
and technical level of treatment are possible 
in presenting the engineering information, 
‘fanalytical treatment and descriptive details of 
speciality equipment of manufacturers. The 
“Jauthor’s approach is admirably suited for the 
student, engineer, draughtsman and engine 
operator for whom the book is mainly intend- 
ed. The book represents a summarisation and 
integration of a vast amount of engineering 
knowledge on the current state of development 
and practice in the High Speed Diesel Engines 
and their applications in various fields. 

The opening chapter commences with a sur- 
vey of the history and development of the die- 
sphates | sel and compression ignition engines, leading to 
the present highly developed form of high speed 
compression ignition engines—more popularly 
called as “High Speed Diesel Engines”. Fol- 
lowing this, the fundamental principles of I.C. 
Engine and its features like engine cycles, com- 
bustion, thermodynamic performance and effi- 
ciency are dealt with. A comprehensive survey 
of fuel injection equipment, combustion cham- 
bers, combustion processes, etc., are next dis- 
cussed in a manner that will specially appeal 
to junior engineers. A full chapter is devoted 
to supercharging with descriptive details cf 
superchargers of leading manufacturers. Sepa- 
rate chapters deal with two-stroke engines, 
stationery engines, air-cooled engines, small 
L. passenger vehicle engines and commercial vehi- 

cle engines. The versatility of the high speed 

diesel in its applications is significantly brought 
forth in a chapter on special purpose engines 

_{j and a number of individual makes of engines 
} are discussed for road and rail transport, die- 

sel electric traction, marine engines, sub- 

marines, aircrafts, etc. The last three chapters 
are devoted to the subjects of starting of the 
engines, filters for air and fuel and special 


characteristics of fuels. 
The book is eminently suited as a standard 
text-book for the upper division course in tech- 


nical high schools and should be welcomed by 
students and engineers having to deal with the 
production or operation of high speed diesel 
engines. 

A. V. Nata. 


The Manufacture of Iron and Steel. Vol. I. By 
G. Reginald Basforth, F.I.M. (Chapman & 
Hall, Ltd.), 1957. Pp. xii+ 306. Price 45 sh. 
net. 


The second edition of the book is an excellent 
addition to others on the metallurgy of iron and 
steel and a distinct improvement on its first 
edition. 

Written by an expert in the production metal- 
lurgy of iron and steel, this book is an ideal 
text-book for the general student on the sub- 
ject. To the industrialist, it provides adequate 
latest references on diverse aspects of iron 
metallurgy and blast furnace operations. To 
the engineer its importance is obvious in pre- 
senting an assimilable account of complicated 
physico-chemical reactions involved in the 
production metallurgy of iron. The book 
represents a typical British attitude on teach- 
ing metallurgy—a painstaking effort to combine 
theory with practice. As one runs through the 
book, he finds the optimum balance—thermo- 
dynamics of chemical reactions on the one 
hand to the actual steel plants layout on the 
other. To have attained this in a book of 300 
pages is a remarkable achievement. Another 
praiseworthy feature of the book is the append- 
ages of “recent research and developments” at 
the end of each chapter. 

The book starts with the classification of iron 
ores, their geographical distribution and thcir 
evaluation. In this connection, however, it is point- 
ed cut that the book sadly lacks a broad-based 
world outlook in respect of iron ore resources 
and classifications, other raw materials and 
metallurgical practices. In case of India, e.g., 
reference is made of Mysore iron ores and of 
its magnetites; there is, however, no mention 
of classic hzmatite iron ores of Bihar and 
Orissa. In the iron ore belts of Bihar and 
Orissa, discovered at the turn of the present 
century, lie probably ‘the richest and largest 
iron ore deposits of world surpassing in magni- 
tude even the Lake Superior ores which are 
now nearing exhaustion. These Indian iron ore 
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reserves reckoned at over 8,000 million tons are 
a world envy. The book dwells far too dis- 
proportionately upon British resources of iron 
ores and other raw materials which are by any 
standards meagre, than its title warrants. The 
world iron ores and connected raw material 
reserves and resources are now being well 
detailed in United Nation’s publications of sur- 
veys of world’s raw materials which could have 
advantageously been profusely referred to so 
that the book attracts attention outside the 
shores of Britain. This is not to say, distracting 
from the intrinsic worth of the publication but 
the comment is made with the hope that in 
the third edition of the book these gaps will 
be bridged to meet the requirements of the 
readers in countries other than Britain. Men- 
tion may also be made of printer’s devil here 
and there such as relating to references on 
page 258 and their mix up in the text starting 
from Nos. 13 to 18. These can be readily recti- 
fied now through the issue of an “erratuin”. 
On page 257 the last para needs slight changes. 
Mention could also have been made on page 255 
that at Mysore, the latest Tysland-Hole elec- 
tric pig iron smelting furnace is in operation 
relegating the charcoal furnace very much to 
the background. 

In the chapter on iron ores, useful reference 
has been made on the use of sinter in the iron 
blast furnace. Not all blast furnaces of the 
world operate on sinter burden whilst many 
operate on 100% sinter charge. Perhaps, a re- 
ference to Russian blast furnace practice ope- 
rating more or less invariably on iron sinter 
burden resulting in very much increased pro- 
ductivity and reduced fuel costs would not have 
been quite out of place even though no refer- 
ence has otherwise been at all made to Russian 
raw materials and practices despite the recent 
tide of interest shown by British team of 
metallurgists visiting Soviet Union and com- 
menting upon Russian iron and steel techno- 
logy. Perhaps, it may also be mentioned that 
some figures like that of magnetic separator on 
page 45, old beehive coke oven no longer widely 
used these days could be safely substituted by 
due references to latest assessment, raw mate- 
rials situation and research and plant develop- 
ments in parts of the world other than the U.K. 
It is hoped that these comments will be taken 
in the spirit in which they are made, that is, with 
a view to further widen the range of readers in 
different parts of the world for this otherwise 
undoubtedly excellent addition to the texts on 
iron and steel metallurgy, lucidly written, 
neatly printed and well bound for which the 
author is to be warmly congratulated. 


[ 
Science 

It is also greatly heartening to note the re 
ferences made to low shaft iron production and 
manufacture of ferro-alloys—subjects currently 
of great interest to India in the background of 
our Second Five-Year Plan wherein determin- 
ed efforts are being made to set up ferro-alloy 
manufacture and low shaft furnace iron pro- 


duction methods. 
B. R. NIJHAWAN, 


The General Theory of Electrical Machines, 
By B. Adkins. (One of the Advanced Engi- 
neering Text-Book Series.) (Chapman & 
Hall, Ltd., London), 1957. Pp. ix 236. 
Price 45 sh. 


The book presents a general theory of rotat- 
ing electrical machines applicable to all the 
normal types of machines and to all conditions 
of operation. Thus the theory is more funda- 
mental and is of wider application than the 
usual theories given in the standard text-books 
on electrical machines. 

Though there has been developments both in 
the concepts for different types of machines 3s 
also in the theory explaining the characteris- 
tics of operation of the machines, in the past, 
each type of machine has been dealt with on 
its own merits without much reference to other 
types and simple methods of analysis have been 
developed by means of which the performance 
under specified conditions can be calculated 
The methods, thus, have been piecemeal and 
have the disadvantage that completely fresh 
start has to be made when it is necessary to 
analyse a new type of machine or to deal with 
unbalanced or transient conditions. 

Gabrial Kron’s visualisation that all electric 
machines may be considered from the point of 
view of electromagnetic field problems and his 
application of tensorial methods to their analy- 
sis as a group have led to the new line of 
thought in modern theory of electric machines 
In the modern theory, algebraic equations are 
accepted as the fundamental means of expres- 
sion. In line with recent developments in cir- 
cuit theory, the use of equations leads to a 
general theory of all electrical machines which 
embraces all types and all conditions of ope 
rations. It may be noted, however, that while 
matrix methods are often extremely useful for 
organising the algebraic and other experimen- 
tal work and tensors are of great value for 
more advanced investigations, both these should 
be regarded as mathematical tools applied to 4 
fundamental concept which can be completely, 
although less elegantly, expressed in terms of 
ordinary algebra. The author has very ably 
demonstrated this in the book under review. 
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In the first ten chapters, matrix notation is 
used only for the purpose of setting out the 
equations in an orderly manner. The manipu- 
lation of the equations is, however, carried out 
by ordinary algebraic method. 

The author, after referring to Blondel’s 
“two-reaction theory” of the steady state ope- 
ration of the salient pole synchronous machines 
and West’s “cross-field theory of alternating 
current machines”, has indicated how Park’s 
transformation provides the most important 
fundamental concept in the development of 
Kron’s generalised theory. 

In the first ten chapters, consisting of in- 
troduction, D.C. machines and A.C. machines, 
the general equations are derived and used to 
demonstrate the wide range of application for 
solving practical problems. 

In the last chapter a statement of the gene- 
ralised theory is given in matrix notation, and 
some of the simpler methods of matrix algebza 
is explained. 

The Heaviside method has been used 
throughout the book as in the author’s view 
it is advantageous to use the Heaviside nota- 
tions for the general equations of machines be- 
cause of the fact that they are non-linear. 
According to the author, the Laplace transform 
notation is suitable for the study of circuits and 
control systems because, for the subjects, the 
equations used in developing the basic theory 
are linear. 

A chronological bibliography gives all refer- 
ences to assist the reader pursue the matter fur- 
ther. A good deal of attention has been given 
to the development of approximate methods 
and to the use of analyzers and computing 
devices. 

The author is to be commended for the timeiy 
presentation of such a book when a co-ordi- 
nated and unified method of approach is very 
much needed to provide a more powerful line 
of attack on new problems. 

The book will be very useful to students and 
designers as a basis for the understanding of 
the modern unified approach to the generalised 
electrical machine theory. 


Crystal Structures. Vol. II. Chapters XI 
and XII. By Ralph W. G. Wyckoff. (Inter- 
Science Publishers, Inc., New York)’, 1957. 
Price $ 7.00. 


The first instalment of the book, Crystal 
Structures, by Dr. R. W. G. Wyckoff, appeared 
im 1948 in loose leaf form printed in imitation 
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typescript and comprised of Chapters I to VII 
under Section I. Crystallographic data and 
atomic parameters for a large number of in- 
organic structures were discussed in the sec- 
tion and the substances were classified accord- 
ing to their chemical formule. Tentative con- 
tents of Section II and Section III that were 
to follow had also been indicated in it. Sup- 
plement and replacement sheets to bring the 
material up-to-date were also promised in the 
publisher’s note attached. Several of these have 
appeared since then. The plan of the book has 
slightly been altered and the whole of the 
material is presented in three volumes: 
Volume I comprising of Chapters I to VII (1948), 
Volume II, Chapters VIII to XII (Chap- 
ters VIII to X and XIII, 1951) and 
Volume III, Chapters XIII to XV with an in- 
dex to organic compounds attached to it (1953). 

The matter under review forms part of 
Volume II and consists of Chapters XI and XII. 
Chapter XI bears the title, “Miscellaneous 
Inorganic Compounds”, and presents structural 
data and atomic parameters for some complex 
and basic halides thio salts, complex sulfides, 
complex oxides and for three other miscella- 
neous compounds. Chapter XII under the head- 
ing, “Structure of the Silicates”, concerns it- 
self with a large number of silicates under four 
major groupings: Discrete silicate groups, 
silicate chain structures, silicate sheet struc- 
tures and network silicates. The discrete sili- 
cate group is further subdivided into ortho- 
silicates, pyrosilicates and more complex SiO 
groups. 

With the addition of a large. number of sili- 
cate structures, the publication will interest a 
much wider group of investigators in the field 
ef mineralogy and structural chemistry. The 
great advantage of the new method of publi- 
cation adopted here is the collection of infor- 
mation for a particular substance in one place. 
Continuous numbering of pages has not been 
practicable, but one should experience no diffi- 
culty in locating a particular compound after 
going through the instructions. However, an 
alphabetical index of compounds would be a 
welcome addition. Each chapter consists of a 
text portion, tables and illustrations (illustra- 
tions to follow). A bibliography commencing 
from 1931 up to 1955 is given at the end of 
each chapter. 

The whole collection is well worth having as 
a reference book and will be of interest to all 
those who in one way or another are concerned 
with the crystalline state. 

A. JAYARAMAN, 
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Antibiotics Annual, 1956-57. Edited by Henry 
Welch, Ph.D. and Felix Marti-Ibanez, MLD. 

- (Medical Encyclopedia, Inc., New York, 
N.Y.), 1957. Pp. xviii + 1134. Price $ 10.00. 


This fourth successive volume gives an ac- 
count of the Proceedings of the Fourth Annual 
Symposium on Antibiotics held on October 17, 
18 and 19, 1956, in Washington, D.C. It contains 
154 papers and an account of three panel dis- 
cussions on “Antibiotics and Intestinal Anti- 
septics”, “Susceptibility of Micro-organisms to 
Antibiotics Isolated from Hospitalised and Non- 
Hospitalised Persons” and “Present Status of 
Antibiotics in the Preservation of Food”. As 
stated by Dr. Welch, “these Annual Symposiums 
on Antibiotics have become an important forum 
in which the progress, failures and new trends 
are initiated in a worldwide interchange of 
ideas”. The collection of papers, particularly in 
a single volume, “constitutes a complete story 
for those interested in appraising their past 
year’s advance and accomplishments and hopes 
for the future”. 

Workers in USA certainly unearth for more 
number of antibiotics than those anywhere else. 
The output of work on antibiotics is also much 
more in USA than anywhere else. Con- 
sequently, the papers are mostly from USA. 
There are contributions from nine other coun- 
tries, but one wishes that more countries take 
part in this Symposium, much more actively 
than at present. The work reported is con- 
cerned with the antibiotics: oleandromycin, 
vancomycin, amphotericin B (an antifungal 
antibiotic), arcosin, nystatin, novobiocin, risto- 
cetin, synnematin B, hygromycin, xanthocillin, 
penicillin V, etc. The search for synergistic and 
additive combinations of antibiotics is actively 
going-on. But not all, including some authori- 
ties in the subject, will share the enthusiasm 
of Dr. Welch about the combinations that it 
heralds a new era of antibiotic therapy. One 
has to guard against this being capitalised as 
a commercial selling point to put in the mar- 
ket all sorts of combinations of dubious value, 
descending to the level of proprietary medi- 
cines. Oleandromycin, neomycin and nystatin 
Show the polyandrous tendency as regards the 
combinations. The use of antibiotics, particu- 
larly chlortetracycline and oxytetracycline, as 
good preservatives, is being investigated to put 
a stop to the 25% of the spoilage now taking 
place in food products even in USA. 

‘Marti-Ibanez in his characteristic philosophi- 
eal way adds a thought-provoking article on 
problems of medical communications. It is not 
well appreciated that for the effective appli- 


cation of the antibiotics, not only do 
the antibiotics but also the doctors 
ed with the most accurate kno 
these potent weapons. In view of thi 
viewer hopes that the commenda 
Marti-Ibanez “to bring out at the 
sible date, to as many people as 
greatest possible number of the 
medical work” will not remain Utopian 
comes a reality at the earliest possible date. 

K. GANAPATHI. 
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UHF Tubes for Communication and Measuring 
. Equipment. (Compiled by Members of Philips 
Electric Tube Division, Philips Technical 
Library), 1956. Pp. 70. Price Rs. 5. 

Tube Selection Guide, 1956-57. Compiled by 
Th. J. Kroes. (Philips Technical Library), 
1956. Pp. 124. Price Rs. 5. 


One of the significant developments in elec- 
tronics circuitry in the post-war era is the 
rapid opening up of the centimetric and milli- 
metric wave region and the increasing appli- 
cations of such waves in the fields of tele 
vision, radar, and othér public services. The 
first book under review describes in some detail 
the tubes that can be used in this frequency} 
range. To reduce the transit-time effects, the 
interelectrode distances are to be drastically 
shortened and it is interesting to see how this 
has been achieved in tubes such as EC 89, 
EC 81, K81A and DC70. At frequencies above 
500 Mc/s. disc-seal triodes (EC 55, EC 56 and 
EC 57) in which the concentric electrodes are 
replaced by flat equidistant electrodes are em- 
ployed. Transit-time effects are taken advan- 
tage of in designing velocity modulation tubes 
and two reflex klystrons 2K 25 and 723A/B 
suitable for use in the 3cm. band are describ- 
ed. Finally, for the computation of the noise 
figures of receivers, the use of K81A (for 
metric waves) and the gas discharge tubes 
K50A and K15A (for the 3cm. and 10cm 
bands respectively) is detailed. 

In the conventional RF and AF regions, there 
is such a variety of tube types that the experi- 
menter is often baffled to select the right type 
for the application in any particular case an# 
further to assess the equivalence of one type 
with another in case of replacements, The 
second book under. review is handy for this 
purpose since it includes: (i) Tables of all 
tubes manufactured by Philips or those for 
which Philips have an equivalent, (ii) Tables 
in’ which the tubes are grouped according 
their -functions, (iii) Preferred tube type, 
(iv) Replacement tube types, (v) Replacemet! 
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of obsolete tubes, (vi) RETMA and continen- 
tal systems of tube designation and data on 
tube bases and tube holders. 

Tube manuals have become such an integ- 
ral part of any laboratory in electronic cir- 
cuitry that the publication of these two books 
by the well-known manufacturing company of 
Philips will be welcomed. 

Ram K. Vepa. 


Proceedings of the International Conference 
on the Peaceful Uses of Atomic Energy, 
Vol. 5.—Physics of Reactor Design. (United 
Nations Publication, New York), 1956. 
Pp. viii + 545. Price $9.00. 

This is the fifth volume of the series which 
report the Proceedings of the International 
Conference held in Geneva in August 1955, on 
the peaceful uses of atomic energy. The volume 
is divided into five sections dealing with inter- 
global experiments important to the design of 
reactor, such as exponential and critical experi- 
ments as weil as resonance integrals and kine- 
tic measurements. 

The first section, on integral measurements, 
includes mainly the determinations of diffu- 
sion and slowing down areas in the moderators 
using the static and pulsed techniques. An in- 
teresting review of theoretical and experimental 
work on slowing down in hydrogenous media 
is included by Wilkins et al. (USA). 

The second section reports measurements of 
resonance integral, long-term changes and cri- 
ticality of solutions of fissile materials. The 
third section deals with zero energy and ex- 
ponential experiments with excellent reviews 
of D,O-uranium and graphite-uranium lattices. 
The discrepancy between the different experi- 
mental results performed with D,O-uranium 
lattices is underlined by Cohen. This section 
will prove of great use to the reactor physicist. 

The fourth section includes three papers 
covering the fast reactor experimental studies 
and five theoretical papers on reactor kinetics 
and control problems. 

The fifth section is devoted to papers on re- 
actor theory. These provide a useful discus- 
sion of theoretical techniques of particular in- 
terest in predicting the critical size of 
assemblies of a small number of fuel elements. 
A survey paper on neutron thermalization 
theories by Cohen is also included. The lack 
of experimental information of neutron ther- 
malization in Be, C and Be O reflects the smal- 
ler number of investigations in this field. Also 
included in this section are the spherical har- 
monics method for fine-structure flux distribu- 
tions and Milne’s problem. 
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It is, for the reactor physicist, an essential re- 
ference book. 
V. P. DuacAat. 


Rice in Orissa. (Department of Agriculture, 
Orissa), 1956. Pp. 121, 11 grs., 34 plates. 
Price Rs. 7. 

Rice is the most important single crop in 
Orissa. The book under notice which is a com- 
pilation of contributions by G. V. Chalam and 
others is an account of the activities of the 
Orissa Agricultural Department during the past 
20 years since Orissa was constituted into a 
separate province. Work on rice has been car- 
ried out in the three research stations, Cuttack, 
Berhampore and Jeypore. The first two were 
started as substations of Sabour and Coimba- 
tore and rice research in Orissa Province is a 
continuation of the work previously conducted 
under the control of the paddy specialists of the 
old provinces of Bihar and Madras, respectively. 
Cuttack has, in recent years, been taken over 
for locating the Central Rice Research Insti- 
tute and the provincial research station has 
been shifted to Bhubaneshwar. 

The book has six chapters, dealing with the 
general background, botanical research includ- 
ing breeding and physiology, agronomical re- 
search, pests and diseases, improved varieties 
and marketing. The rice research scheme has 
been in progress only for a comparatively short 
period and hence little work has been carried 
out by the way of hybridisation. The hybrids 
handed over by the Madras Agricultural Depart- 
ment at the time of partition have been carried 
to further generations and studied. Pure lines 
which are higher yielding are under study. The 
Department is obtaining the F, seeds of 
japonica x indica crosses effected by the Cen- 
tral Rice Research Institute under the auspices 
of the FAO. These are being studied with a 
view to selecting types to fulfil objectives of 
low height, heavy tillering, response to fertil- 
isers, etc. 

Orissa is a land of rivers and intermittent 
floods are common. The coastal areas are also 
subject to flooding by sea-water and many of 
the lands are saline. While flood- and salinity- 
resistant types are needed for the coastal plains, 
for the upland areas drought-resistant types are 
required. The evolution of these has claimed 
the attention of the breeder and the physio- 
logist. Flood- and drought-resistance have 
been sought to be induced by presprouting 
treatments; correlations have also been 
attempted to be worked out between resistance 
and anatomical features. Seeds of spring rices 
are reported to lose their viability when sown 
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in the following spring and efforts have been 
made to prolong their viability and, in the 
alternative, to break the dormancy of winier 
rices to enable them to be grown in spring. 
Study of micro-nutrient nutrition is a feature 
of agronomical investigations. The chapter on 
marketing reveals the fact that the co-opera- 
tive movement is yet to find its place in the 
marketing of rice in Orissa. 

The book presents the appreciable progress 
made in the brief period of work of the Depart- 
ment. The few words of criticism that follow 
are intended to help the authors to bring out 
a better edition free from avoidable defects. 
There is room for improvement in the arrange- 
ment of matter under headings. The studies 
on shattering and the nature of open and com- 
pact panicles are reported under the heading 
‘Drought Resistance’ (p. 55). According to 
Parija (1938) (cited by Ramiah and Rao), the 
immediate objective of the treatments in the 
experiments to induce flood resistance was to 
‘educate’ the sprouting plants to insufficiency 
of light and oxygen. This method of approach 
could have been explained by the present 
authors as they are apparently reporting the 
same or similar experiments. The use of the 
term ‘vernalisation practice’ to denote a pro- 
cedure whose objective is not shortening ihe 
vegetative phase but inducing flood-resistance, 
does not appear to be appropriate. Techniques 
used could, with advantage, have been describ- 
ed in more adequate detail. It is somewhat con- 
fusing to read that there is no response to 
potash, and immediately thereafter to find that 
the best manurial combination is 45lb. N, 
40lb. P.O, and 30lb. K,O (p. 69). Vague 
terms and phrases which do not correctly con- 
vey the meaning intended are distressingly 
common, e.g., ‘flood resisting selection’ (p. 30); 
‘a week days earlier’ (p. 31); ‘nature of apply- 
ing’ (p. 60); ‘the usage of edible cakes’ (p. 62); 
‘There is no effect of liming’ (p. 69). The 
bibliography is sketchy and by no means com- 
plete. For instance, work on salinity-resistance 
has been carried out by workers in Orissa for 
a number of years, but their reports do not find 
a place in the bibliography and a note chat 
appeared in 1954 has been cited as the sole 
reference. 

The book has many excellent photographs, 
bearing on the subject of rice in Orissa. The 
printers deserve much credit for the very 


i attractive get-up; with such meticulous care 

a given to the quality of the production, one 

- wishes that the nine-line errata had not been 
necessary. 


N. L. Dorr. 


Books Received 


Aircraft Hydraulics, Vol. I. Second Edition. By 
Noel L. Allport and J. W. Keyser. (Chapman 
& Hall), 1957. Pp. xi+ 424. Price 50 sh. 


Gas Dynamics. By Klaus Oswatitsch. English Aldro’ 
version by G. Kuerti. (Academic Press, Inc.), 
1956. Pp. xv+610. Price $12.00. Dr. 

Momentum Transfer in Fluids. By H. Corcoran, 
J. B. Opfell and B. H. Sage. (Academic 
Press, Inc.), 1956. Pp. xi + 394. Price $ 9.00. 

Fatigue in Aircraft Structures. Edited by and < 
Alfred M. Freudenthal. (Academic Press, 
Inc.), 1956. Pp. xiii + 456. Price $ 12.00. 


Brookhaven Symposia in Biology, No. 9. Gene-K 
tics in Plant Breeding. (Biology Department, 
Brookhaven National Laboratory, Upton, New, 
York), 1956. Pp. ix +236. Price $1.25. 
The Defect Solid State. By T. J. Gray and 
others. (Interscience Pub.), 1957. Pp. viii +erti 
511. Price $11.00. 


Earthquakes in the Himalayan Region. By S. K¥ 
Banerji. (Indian Association for the Cultiva- 
tion of Science, Calcutta-32), 1957. Pp. 64. 
Price Rs. 3. 

Mitchondria and Other Cytoplasmic Inclusionis. 
Edited by F. K. Sanders. (Society of Experi- 
mental Biology Symposia No. 10.) (Cam- 
bridge University Press, London, N.W. 1),§ 
1957. Pp. 198. Price 55 sh. : 

Hormones, Brain Function and Behaviour§.... 
Edited by Hudson Hoagland. (Academich 
Press, New York), 1957. Pp. 257. Price 
$ 7.00. 

Carnegie Institution of Washington Year-Book, 
1955-56. (Carnegie Institute of Washington,§, 
1530, P. Street, Washington-5, D.C.) Pp. 343.Bew p 
Price $ 1.00. , 

The Indian Ephemeris and Nautical Almanac§,,; 
for the Year 1958. (Director, Regional Met}.,; 
Centre, Alipore, Calcutta-27.) Pp. xviii +(diviqu: 
392. Price Rs. 12. phors 

Problems in Nuclear Engineering, Vol. I. Edited}.ojour 
by D: J. Hughes, S. Mclain and C. Williams. 
(Pergamon Press, New York), 1957. Pp. ix +fLabere 
365. Price £ 6.0. D 

Reactor Operational Problems, Vol. II. Edited 
by D. J. Hughes, S. Mclain and C. Williams 
(Pergamon Press, New York), 1957. Pp. vii+ 
278. Price £ 6. 

The Hypercircle in Mathematical Physics. By} The 
J. L. Synge. (Cambridge University Pressg% Me 


London, N.W. 1), 1957. Pp. xii+ 424. Priceglled 
70 sh. a dona 


*Colone 
Swiggett. (Chapman & Hall, London, W.C. 2),)'°8 Pri 
1957. Pp. vii+101. Price $2.70. m the 
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Dr. D. B. Deb, Dept. of Botany, M.B.B. Col- 
lege, Agartala (Tripura), records the discovery 
of Aldrovanda vesiculosa Linn. from Manipur 
from the College Reserve Tank, Imphal, on 2nd 


* faugust, 1953, and subsequently from other tanks 


and colonies in association with Utricularia 
zuosa Linn., Mariscus cyperiodies and other 
s. After this the plant did not grow again in 
places so far. Thus the writer opines that 
e seeds remain viable for a long period and 
rminate only on favourable edaphic conditions 
t a particular period of the year. In this con- 
tion the author quotes a reference to an 
icle in Sci. & Cult., 1937, 3, 47, by Sengupta 
erein an attempt has been made to explain 
y the plant remained undetected for seventy 
ong years. 
righter Phosphor Blends for Television 
Picture Tubes 


New blends of phosphors, with greatly in- 
brightness, have been perfected by the 
Pont Company. Designed for use in tele- 
ision picture tubes, the new light-body colour 
are available in special blends suitable 
or black or aluminized tubes, and in different 
ormulations adapted for either the flotation or 
ray filming techniques. 
During rigid tests and field evaluations by 
ube manufacturers in the United States, the 
w phosphors have shown excellent adhesion 
acteristics, increased efficiency of light 
mission, improved body colour, and adapt- 
bility to the manufacturing techniques of in- 
ividual tube manufacturers. The new phos- 
ors are blended to provide the emission 
lour specified by the purchaser. 
For further information write to: John A. 
ree, Du Pont Information Service, 1064, Du 
t Building, Wilmington, Delaware, U.S.A. 


lonel Amir Chand Trust Prizes for Medical 
Research 


The Governing Body of the Indian Council 
of Medical Research has constituted a Trust 
called the “Colonel Amir Chand Trust” from 
a donation of Rs. 50,000 received from Lieut.- 
Colonel Amir Chand for the purpose of award- 
ing prizes for the best published research work 
in the field of medical sciences. 
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i 4ldrovanda vesiculosa Linn. from Manipur The Council has decided to award during 1957 


four junior prizes of the value of Rs. 300 each, 
for graduates of not more than ten years’ 
standing, for the best research papers in medi- 
cal sciences in general (including clinical re- 
search) published during the calendar year 
1956. 

Candidates are required to submit their 
applications along with 10 reprints of their 
papers published during 1956, to the Director, 
Indian Council of Medical Research, P.O. Box 
494, New Delhi, so as to reach him not later 
than the Ist August 1957. 


Raptakos Medical Research Fellowships 


The Raptakos Medical Research Board will 
consider applications for the award of fellow- 
ships, which commences from January 1958, 
for research work on medical and allied sub- 
jects in recognised institutions situated in the 
Union of India. 

The awards normally consist of Rs. 3,000 per 
year for a Fellowship and Rs. 750 per year 
towards special equipments or chemicals 
approved by the Board. 

Applications in the prescribed form (which 
may be obtained from Secretary and Treasurer, 
Raptakos Medical Research Board, Dr. Annie 
Besant Road, Worli, Bombay-18), should be 
submitted before September 30, 1957. 


Third International Team Work on Embryology 


The Hubrecht Laboratory organises projects 
for international research teams every two 
years. The third team will meet in 1958 from 
March 15th till September 15th. The general 
idea of international co-operation in science as 
well as specific scientific aims will be served 
by these projects. 

The general topic for 1958 will be “A Mor- 
phological and Physiological Analysis of Regu- 
lative and Non-Regulative Processes in the 
Development of ‘Mosaic’ Eggs of Several Ter- 
restrial and Fresh-water Invertebrates”. 

This team will be under the personal direc- 
tion of Prof. Dr. Chr. P. Raven, Zoological 
Institute, University of Utrecht, and of Dr. P. D. 
Nieuwkoop, Hubrecht Laboratory, Utrecht. 

The team is open to post-graduates in bio- 
logy and related sciences and is particularly 
meant for young staff members who will be 
able to continue their work afterwards. 
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Those interested should write to the Director 
of the Hubrecht Laboratory as soon as possi- 
ble, including information about their scientific 
education and personal record. 


Third Congress on Theoretical and Applied 
Mechanics 


The Third Congress on Theoretical and 
Applied Mechanics will be held at the Indian 
Institute of Science, Bangalore, from Decem- 
ber 24-26, 1957, under the Presidentship of 
Dr. S. R. Sen Gupta, Director, Indian Institute 
of Technology, Kharagpur. 

Research papers to the Congress will cover 
the following topics : 

1. Elasticity, Plasticity, Rheology. ; 

2. Fluid Mechanics (Aerodynamics, Hydro- 

dynamics). 

3. Mechanics of Solids (Ballistics, Vibra- 

tions, Friction, Lubrication). 

4. Statistical Mechanics, Thermodynamics, 

Heat Transfer. 
5. Mathematics of Physics and Mechanics, 
Methods of Computation. 

Further information regarding the Congress 
can be had from the Secretary-Treasurer 
(Dr. B. R. Seth), Indian Institute of Techno- 


logy, Kharagpur. 


The Zoological Society of India 


The new Executive Council of the Society 
has been elected as follows: President: 
Dr. M. L. Roonwal; Vice-Presidents: Dr. H. S. 
Rao, Dr. G. S. Thapar; Editor: Prof. R. V. 
Seshaiya; Secretary: Prof. P. N. Ganapati; 
Treasurer: Dr. B. S. Chauhan; Manager of 
Publications: Shri K. Chidambaram ; Members: 
Dr. N. K. Panikkar, Dr. B. N. Chopra, Dr. B. 
Prashad, Dr. M. A. Moghe, Dr. J. L. Bhaduri 
and Dr. H. N. Ray. 


NOTICE 
HE Editorial Office which was temporarily located at Madras-25 has now been 


transferred to Bangalore permanently. 


The Indian Zoological Memoirs 


The Zoological Society of India has und 
taken, in agreement with late Prof. K. N. B 
to reprint or publish revised editions of ¢ 
eight Memoirs which were edited and publish 
by late Dr. Bahl. Authors having manuscrip 
for publication as new Memoirs under { 
series may contact the Editor, Secretary 
Treasurer of the Society in this connection. 


Dr. B. R. Seth 


Dr. B. R. Seth, of the Indian Institute 
Technology, Kharagpur, is proceeding abroad 
a lecture-cum-conference tour. He has b 
invited by the University of Alexandria, t 
Polish Academy of Sciences, the Soviet Age 
demy of Sciences, and the International Uni 
of Theoretical and Applied Mechanics to 
lectures and to take part in symposia and ce 
ferences on ‘Elasticity and Plasticity’ 
‘Boundary Layer Research’. 


Award of Research Degree 


The Andhra University has awarded 
D.Se. Degree in Technology to Shri M. 
Rao, for his thesis entitled, “Studies on } 
Transfer in Wetted Wall and Packed Ext 
tion Towers and Ternary Liquid Equilibria 


The Annamalai University has awarded f 
Ph.D. Degree in Chemistry to Sri. Sp. Sh 
muganathan for his thesis entitled, “A Physic 
Chemical Study of Sulphur-Oxygen Bond 
Conjugation in Sulphones”. 


The University of Poona has awarded t&# 
Ph.D. Degree in Botany to Shri Ishverl 
Narottamdas Solanky, for his thesis entitle 
“Embryological Studies on Family Cher 
podiacez””’. 


All material intended for publication in Current Science, corrected proofs, books 
for review and exchange journals may, therefore, be sent to the following 


address hereafter : 


The Editor, Current Science, 
Malleswaram P.O., Bangalore-3. 
Remittances, correspondence regarding subscriptions to the Journal, advertise- 


ments, etc., may please be addressed as usual to: 
The Manager, Current Science Association, 


Malleswaram P.O., Bangalore-3. 
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(SCIENTIFIC DEPARTMENT) 
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| THERMOSTATIC BATHS 


(WATER OR OIL) 


Various sizes and temperature ranges for 

general laboratory work. Maximum dimen- 

sions 18" x 18"X 12". Maximum tempe- Fit 

rature upto 300° C. Accuracy of control vi. 

to within + 0°05° C. Efficient Stirring, | 
| with glass walls on two sides for good th 
|| visibility, and metal framework for strength. 


POST OFF ICE BOX | Switch-board and control box atiached to 


DIAL PATTERN | one of the sides. 


MINALPHA COILS | | 
ACCURACY PER CENT. 


Entirely Our Manufacture 
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* ACID SULPHURIC 

LABORATORY CHEMICALS 


A Really Dependable Balance for Degree 
Classes and Research Laboratories 


For. Price List and Agency to: 
MANAGING DIRECTOR 
Sri. CHUNILAL DATTA, B.Sc. 
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ORGANIC CHEMISTRY 
9th Revised Edition 
By P. B. SARKAR, D.Sc., F.N.I. 


Director of Technological Research, 
Indian Central Jute Committee 


First Published 1942 9th Ed. 1957 
vit+499 P. 84x54 Rs. 8 


“We have been recommending the book for 
the last nine years.” 


Pror. S. M. PAREKH 
N. M. Institute of Science, Andheri 


INTERMEDIATE PHYSICS 
By N. N. BASU & J. CHATTERJEE 


16th Edition, 1956. In Two Vols. D/D Size 


Lucid exposition, up-to-date information, 
numerous worked out examples, all-India 
examination questions, and neat diagrams 
are the features of this standard work. 
Popular all over India. Covers all-India 
University syllabuses. 


Rs. 6 Each Vol. 


PRACTICAL CHEMISTRY 
For B.Sc. Students 


By B. K. GOSWAMI, M.Sc. 
Prof. of Chemistry, Midnapur College 


The book covers the analytical portion 
meant for B.Sc. students (Pass & Hons.) 
of Indian Universities. Rs. 5 


INORGANIC CHEMISTRY 
For Intermediate Students of Indian 
Universities 


By P. K. DUTT, MSc. 


Prof. of Chemistry, Presidency College 
Calcutta 


| Sth Revised Edition, 1956, 550 pp. Rs. 6-25 


A complete course, in lucid style, with up- 
to-date information. The only book which 
will cover the all-India University syllabus. 


H. CHATTERJEE & 


A TEXT-BOOK OF HEAT | 
(for Junior Students) | 
8th Revised and Enlarged Edition 


By M. N. SAHA, D.Sc., F.R.S. 

AND 

B. N. SRIVASTAVA, D.Sc., F.N.L. | 
Prof. of Physics, Indian Association for the | 
Cultivation of Science, Calcutta 


It commands a monopoly sale as the best 
book on the subject and fully covers the 
syllabuses of Indian and Pakistan Univer- 
sities. 


ELEMENTARY 
PHYSICAL CHEMISTRY 
10th Revised Edition, 1956 


By SANTI R. PALIT, D.Sc., F.R.LC., F.N.I. 
Prof. of Physical Chemistry, Indian 
Association for the Cultivation of Science 
Calcutta 


The book has been thoroughly revised and 
made up to date. It meets the requirements 
of Pass B.Sc. students of Indian and |; 
Pakistan Universities. Rs. 6-50 | 


INTERMEDIATE CALCULUS 


By K. C. BASAK, B.A. (Cantab.) 
Director of Economic Research 
Indian Central Jute Committee 
Lucid treatment, numerous_worked out 
examples, covers all-India syllabus 
Rs. 2-50 | 


INORGANIC CHEMISTRY 


By P. RAY, M.A., F.N.I. 
Formerly Palit Prof. of Chemistry 
University College of Science, Calcutta 


An authoritative text on the subject 
covering the B.Sc. syllabuses of Indian and 
Pakistan Universities. The book is expected 
to excel all other publications and remove 
a long-felt want. Rs. 11 


CO. (PRIVATE) LTD. 


19, SHYAMA CHARAN DE STREET, CALCUTTA 12 


Cloth Bound, Rs. 9 jf 


CURR. SCl., JULY 1957 


| 
ntro| | 
ring, | 

| 

gth. | | 
CO. 

| 
| 

= 
=| | 

| 

| tem 
— | 
| 

10 | 


CURR. SCI., JULY 1957 


VERY RELIABLE INDIGENOUS SUBSTITUTES 
OF GUARANTEED ANALYTICAL REAGENTS 
vo, MAY BE FOUND IN 


“BASYNTH” 


Brand 
ANALYTICAL REAGENT 


Acid Hydrochloric 
Acid Hydrochloric Fuming 
Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 
Benzene 
Toluene 
Xylene 
Petroleum Ether 
Amy! Alcohol 

‘ Butyl Alcohol Etc., Etc. 
Besic & Synthetic Chemicals (Private) Ltd. 
P. O. Jadavpur College, Calcutta-32 


In 


REAGENT BOTTLES 


Sole Distributors 
| GHARPURE & CO. 


P36. RDYAL EXCHANGE PLACE 
EXTENSION CALCUTTA 


planners as well as administrators. 


measures 10° X84". 


FLOWERING TREES IN INDIA 


M. S. RANDHAWA, osc. ics. 
With a Foreword by Shri S. K. Dey, Minister for Community Development 
This unique publication contains a delightful account of the beautiful flowering 
trees in India. The characteristics of these trees, their foliage and flowers, the beauty 
they create and the folklores inspired by them have all been included in the lavish 
treatment of some of the conspicuous ornamental trees of the country. 


Lucidly writien, authoritative and fascinating, the book is an important contribu- 
tion to the enlargement of the field of tree planting and understanding of garden culture 
and will be useful as a handy work of reference to scientists, students, gardeners, town- 


Eminently well produced, complete with index, blue rexine binding, the book 


Magnificently illustrated with 39 colour plates. Imposing 4 colour jacket. 
Pages: 210. Price: Rs. 15 (Packing and Forwarding charges Rs. 2 extra). 


Copies available from: 
The Mamnger, Cone of 
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A small but powerful Laboratory Stirrer with a shaded-pole motor rated at 
380 gm. cm. forque at 1200 r.p.m. The motor has no brushes to wear out 
and the absence of sparking makes it safe fo use with inflammable materials. 
It is fitted with sintered bronze self-aligning bearings for quiet running and 
long life. The speed of the motor remains consiant at about 1200 r.p.m. 
irrespective of load within wide limits. The stirring load can be removed 
entirely and the motor speed will not exceed 1200 r.p.m. and the motor can 
be slowed considerab'y by heavy loads over short periods without damage. 


Full particulars sent on application. 


Please quote Catalogue No. 10022. 


A. GALLENKAMP & CO., LTD. 17-29 SUN STREET, LONDON, E.C.2 


Accredited Agents in India 
MARTIN & HARRIS (PRIVATE) LIMITED 


(SCIENTIFIC DEPARTMENT) 
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1 
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ORIGINAL SARTORIUS 
DIFFERENTIAL THERMO BALANCE 


Based on De Keyser system 
of recording differences of 
weights depending upon a 
slight difference in tempera- 
jure of two samples of the 
same material as a function 


of increase of temperature. 


For particulars write to: 


Sartorius Differentia! Thermo Balence 


THE SOLE DISTRIBUTORS 


THE SCIENTIFIC INSTRUMENT CO., LTD. 


ALLAHABAD, BOMBAY, CALCUTTA, MADRAS, NEW DELHI 


CURR, £Cl., JULY 1957 
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